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INTRODUCTION 
In nature, genetic variability in plant species is pro­
vided by spontaneous mutations as well as by intercrossing 
among plants within and between populations. Also, mutations 
can be artificially induced by the applications of either 
radiations, such as X-rays, gamma rays, and neutrons, or 
chemical mutagens, such as ethyl methanesulfonate, ethylene 
imine, etc. 
There are two types of mutation at the phenotypic level, 
macromutation and micromutation. A macromutation causes a 
sufficiently large change in the phenotype that it can be de­
tected in an individual plant, whereas a micromutation can be 
detected only by observing a group of plants. Further, the 
genetic causes of mutations can be classified into two cate­
gories. First, mutations can be caused by chromosomal 
aberrations, such as rearrangements, losses or gains of 
chromosomes, or part of chromosomes, etc. Second, mutations 
can be caused by biochemical rearrangement in the gene, such 
as base substitution, deletion, or addition in the deoxyribo­
nucleic acid (DNA). 
The merit and potential use of induced mutations at the 
diploid and polyploid levels have been the subject of study 
by many plant breeders since the discovery that mutations 
could be induced. Primarily, these studies have been projected 
on the basis of chlorophyll mutations since such mutants were 
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easily recognizable. From such studies, it was interpreted 
that mutation breeding in polyploids was of little use since 
the mutated gene would be masked by nonmutated ones at the 
reduplicated loci on homoeologous chromosomes. Later, there 
has been evidence, however, that this gene-buffering hy­
pothesis may not extend completely to other visible mutants 
and, especially, to those expressing quantitative characters. 
It seems that mutation spectrum is more dependent on char­
acter, genotype, and mutagen than on the ploidy level. 
In this study, my objectives were: (a) to estimate the 
natural and ethyl methanesulfonate-induced mutation rates on 
a character basis in diploid and polyploid oat strains, and 
(b) to compare the relative magnitudes of variability for 
quantitative characters between mutagen-derived (treated) and 
check (untreated) populations and between ploidy levels. 
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REVIEW OF LITERATURE 
A comparative study of mutagenic response of diploid and 
polyploid plants was first investigated over four decades ago. 
Stadler (1929) treated dormant seeds from three ploidy levels, 
i.e., di-, tetra-, and hexaploid, of Avena and Triticum with 
X-rays. Chlorophyll-defective offtypes were used as an index 
of mutability, and he found a sharp decline in the rate of 
observable mutation with increasing ploidy. The results sup­
ported the hypothesis of gene reduplication in polyploid 
species. Konzak and Singleton (1952) found that plaints 
from treated seeds of autotetraploid (4x) rye, barley and 
maize were less injured following thermal neutron (TN) expo­
sure than were their diploid (2x) counterparts as indexed by 
seedling growth. Tetraploid oats and wheat were more resistant 
to injury from thermal neutrons than were the hexaploids (6x) 
or diploids. On the contrary'', 6x species were the most resis­
tant to injury from X-radiation. MacKey (1959) observed that 
only chlorophyll mutations were buffered by high ploidy level. 
Other visible mutations, such as head type, straw height, and 
physiological traits, occurred with a greater frequency in 6x 
vulgare wheat than in the 2x and 4x species. 
Swaminathan et al. (1962) observed differences in magni­
tudes and spectra between chlorophyll mutations and viable 
mutations(e.g., multi-ovary, multiple bracts) in 2x and 4x 
barley and 2x, 4x, and 6x wheat. Both ethyl methanesulfonate 
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(EMS) and TN produced more viable mutations in than in 2x 
barley. There were no mutations in EMS-treated 2x Triticum. 
Chlorophyll mutations made up about 955^  of the mutation events 
in 4x and 6x wheat after EMS treatment. MacKey (I967) also 
reported that X-rays and TN showed a clear increase in muta­
genic efficiency with increasing level of ploidy. The chemi­
cally induced mutations did not give a similar trend. This 
differential pattern may have resulted because alkylating 
chemicals cause gene rather than chromosome mutations. He also 
found that true gene mutations in vulgare wheat were extremely 
rare from the treatment with physical mutagens like neutrons 
and X-rays, but common after EMS treatment. Gonzalez and 
Prey (1965) observed that the relative genetic variability 
for quantitatively inherited traits induced by TN was approxi­
mately equal for all three ploidy levels, 2x, 4x, and 6x, of 
oats. The mean genetic CV was more a function of the geno­
types used than of ploidy levels. 
According to Ksimra and Brunner (1970), EMS is an alkylat­
ing agent which reacts with the DNA chain causing "transition" 
in the nucleotide sequence. This leads to point mutations. 
MacKey (I968) observed that alkylating compounds were inferior 
for producing visible mutations in a cultivar of 6x vulgare 
wheat. He pointed out, therefore, that the mutagenic efficiency 
of alkylating compounds would be more dependent on the genetic 
constitution of the treated material than would ionizing 
radiations. Muntzing and Bose (I969) found that three inbred 
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lines of rye showed distinctly different frequencies of 
chlorophyll mutations when treated with EMS, and D'Amato 
et al. (1962) reported a genotypic difference for chlorophyll 
mutation frequencies induced by EMS in two durum wheat 
cultivars. 
The EMS production of point mutation has been well estab­
lished in plant species. Shama Rao and Sears (1964), using 
EI/IS treatment of common wheat, obtained mutations that involved 
changes in gene functions. An intragenic change caused by 
EMS was confirmed by Washington and Sears (1970) when they 
found two entirely new chlorophyll mutants in Chinese Spring 
wheat. Amano and Smith (I965) found that "single-locus 
mutations" were induced frequently and nearly exclusively by 
treating seeds or young seedlings of I Sh Wx stocks of Zea mays 
with aqueous solutions of EMS, whereas X-radiation of pollen 
produced a high proportion of "multiple-locus mutations". 
Most mutants induced by EMS had high fertility and normal 
segregation of these chromosome 9 markers. Their results 
showed that true gene mutations were caused by EMS. Amano 
(1968) compared 3 fast neutron (FN) and 9 EMS-induced waxy 
(wx) mutants of maize for differences in accompanying genetic 
alterations. Pollen grain analysis of hybrids between the 
radiation-induced mutations and a tester vix stock revealed an 
absence or very few nonwaxy pollen grains. However, 
most of the EMS-induced mutants produced ^  pollen grains at a 
higher frequency than did P^  hybrids between normal wx alleles. 
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These results suggest that there was less chromosomal damage 
from EMS than from FN treatment. Also, he found normal segre­
gation of a marker gene linked with the voc allele in EMS-
induced mutants but not in the radiation-induced ones. Ob­
viously, the ^  mutants induced by EMS showed characteristics 
of point mutations. Gene mutations induced at the locus 
of maize were confirmed by Chourey and Schwartz (1971) using 
electrophoretic and immunochemical procedures. 
EMS appears to be a powerful mutagen for the induction of 
genetic variability of quantitative characters. Abrams and 
Frey (1964) found significant variation among lines of hexa-
ploid oats derived from EMS treatment for heading date, plant 
height, and weight per 100 seeds. Gaul et al. (I966) found no 
striking difference regarding the nature of the variability 
induced by EMS and X-rays in two barley varieties, but the 
genetic variance induced by EMS was much larger than that pro­
duced by X-rays. They found a higher frequency of positive 
micromutations affecting yield after EMS treatment than after 
X-ray treatment. EMS treatment of two cultivars of Triticum 
aestivum by Gaul and Aastveit (I966), resulted in many muta­
tions that decreased mean culm length. Also, Woo and Konzak 
(1969) induced short-culm mutants in T. aestivum. One mutant 
produced by EMS treatment was incompletely dominant for short 
culm. Denic et al. (I969) obtained significant variability 
for protein content in M^  progenies of a hexaploid winter wheat 
treated with EMS, and of 92 mutant lines induced in a barley 
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cultivar by ERIS, Doll (1972) found two that were higher in 
lysine and protein content and were equal to or better than 
the control in protein and lysine yields per ha. Gaul et al. 
(1972) reported mutants for mildew resistance in spring 
barleys treated with X-rays or EMS. EMS produced 2.2 times 
as many resistant mutants as X-rays did. 
Joshi and Frey (I967) produced greater genetic variability 
in hexaploid oats for heading date, plant height, and weight 
per 100 seeds from treatment with EMS than from TN. Their 
data suggested that loci for the expression of these three 
traits were somewhat mutagen specific. Later, Joshi and Frey 
(1969) observed significant variances among M^ -derived lines 
within families for 100-seed weight. They proposed that 
"mutated" lines in hexaploid species like oats continue to re­
lease induced mutations for many generations after the treat­
ment. Khadr (I97O) found significant variation for seed 
weight, seed width, and seed length in two hexaploid wheat 
cultivars after treatment with gamma rays and EMS. These 
mutagens were effective in inducing variability for heading 
date, plant height, and spike length according to Khadr and 
Shukry (1972). The induced variability, in general- was 
equally distributed around the population means. 
Spontaneous mutations can be defined as those that occur 
in an organism living in its normal environment, and the 
mechanisms by which spontaneous mutations are caused may be 
many. Magni (I969) believed that mechanisms responsible for 
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spontaneous mutability are similar in micro- and macroorganisms. 
Unequal crossing over has been shown as a possible source of 
new genes and functions. Unequal exchanges between homologous 
chromosomes can produce tandem duplications and one of the 
duplicated genes may undergo structural alterations leading 
to changes in the specificity of its final product. Magni 
(1969) also concluded that frameshift and base substitutions 
could cause spontaneous mutations in higher organisms. Another 
possible cause is mutator genes which are well known in 
Drosophila, maize, and bacteria. 
The commonly accepted value for natural mutation rate is 
1 X 10"mutants per locus per gene duplication cycle 
(Falconer, i960). This figure, however, is not applicable 
to all organisms or all loci. In cultures of Chinese hamster 
cells, auxotrophs arise spontaneously at frequencies of less 
than one per 10^  cells tested (Kao and Puck, I968). Mutation 
frequencies to azaguanine resistance were 1 x 10 ~ per cell 
per generation (Chu et al., I969) in the same species. Green 
et al. (1965) examined natural mutation rates at coat color 
loci in mice and found that recessive to dominant mutation 
rates were; 6.5 x 10"^  for nonagouti (a) to alleles a^  and 
A^ ; 3.6 X 10"^  for dilution (d) to wild type (d^ ); 0 for the 
brown (b), albino (c), and leaden (1^ ) loci. The dominant to 
recessive mutation rates ranged up to 30 x 10"^  for the In 
locus. Other estimates were 1.1 x 10"^  for the tabby (Ta) 
locus and 4.9 x 10~^  for the dominant spotting (W) locus. 
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Schlager and Dickie (I967) reported that genetic "background 
can influence the incidence of spontaneous mutations in mice. 
They observed the presence of mutator genes in some strains. 
Sprague et al. (i960), in a study involving 11 doubled mono-
ploid maize stocks, estimated that the rate of spontaneous 
mutation was k-.S mutations per attribute per 100 gametes tested. 
Russell et al. (I963) obtained 2.8 mutations per attribute per 
100 gametes tested in long-time inbred lines. 
Embryos within seeds of higher plants generally contain 
mar^  meristematic cells, each with the potential ability of 
giving rise to a portion of the mature plant, and a mutation 
may occur in only one or in several of these initial cells. 
If a spike or panicle develops from a single initial cell, the 
whole inflorescence will be homogeneous either mutated or non-
mutated. However, if an inflorescence originates from several 
initial cells, it may be chimeric for mutations. According 
to Swaminathan (I965). the mature embryo in the dormant seed 
of wheat may show a high degree of differentiation, even up 
to the point of spike initiation, whereas in dicots, differ­
entiation of plant parts comes late. Individual tillers of 
cereal plants ma^ "" arise from a single cell or from multi­
cellular initials. According to Anderson et al. (1949), a 
com tassel is thought to be derived from seven or eight cells. 
Based on the cytogenetical studies of radiated barley seed, 
Caldecott and Smith (1952) concluded that all cells of an 
individual spike were descended from a single cell. Nybom 
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(195^ ) also thought that spikes represent unicellular primordia 
at the time of irradiation of "barley seed. On the other hand, 
the results of Gaul (1959) indicate that a barley head is 
probably descended from more than one cell. Yamaguchi (1962) 
disclosed two kinds of panicles in rice: (1) those which 
arise from a single cell, and (2) those which arise from sever­
al cells. Likewise, Sree Ramulu and Sree Rangasamy (1972) re­
vealed the origin of culms from both single and multicellu­
lar initials following mutagenic treatments. Gaul (I96I) has 
shown that, in the case of multicellular initials, diplontic 
selection (elimination of cells containing mutations) may 
preclude induced mutations being transmitted to the progeny. 
The mutation frequency induced by mutagens in cereal 
seeds could be viewed as having two components; namely, (a) the 
number of spike primordia carrying one or more mutations and 
(b) the number of mutated initials in each spike primordium. 
The former determines how many of the primary spikes of an 
plant carry one or more mutations, whereas the latter de­
termines how many mutated sectors are present in each spike. 
Mohan Rao (1972) pointed out that the size of the mutated 
sector in a spike does not directly represent an estimate of 
the frequency of initial cells mutated in the spike primordium 
from which that spike originated. The size of the mutated 
sector in a spike, in addition to being a function of the 
number of initial cells mutated in the spike primordium from 
which it originated, is also a function of the number of 
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initial cells that have survived mutagenic treatment. 
Three methods, M^ -spike (panicle), M^ -plant, and Mg-
seedling methods are commonly used for estimating mutagen-
induced chlorophyll-deficient mutation frequencies in cereals. 
Respectively, these are expressed as the frequency of mutants 
segregating per spike, the frequency of mutants segregating 
per plant, and the frequency of mutants per Mg plant. None 
of these methods is free from bias. The M^ -spike and M^ -^plant 
methods distinguish only the presence or absence of a mutated 
sector in a particular spike or plant, respectively, but they 
do not take into account the number of mutated sectors in a 
spike. The M^ -plant method, when compared to the M^ -spike 
method, is biased by an additional fact that number of spikes 
produced per plant may be unequal after mutagenic treatments. 
All three methods are subject to error from the varying size 
of the mutated sector. 
The rate of induced mutation could be pinpointed to a 
specific locus in laboratory organisms. Alexander (195^ ) ob­
served that the induced mutation rates by X-radiation in 
Drosophila melanogaster at specific loci varied from 2.01 x 
—  8  — R  
10~ to 8.75 X 10" per r, Lyon and Morris (I966) treated 
spermatogonia of mice with X-rays and estimated the mutation 
— 8  
rate to be 5*0 x 10" per locus per rad. In mutation breeding, 
the mutation rate is expressed as how often a particular mu­
tant phenotype is induced to appear, but there is no attempt 
to assign the mutant to a locus basis. Amason et al. (I962) 
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found that the frequency of chlorophyll mutants in untreated 
barley was 0.0007 per spike whereas EMS treatment caused 0.398 
mutants per spike. Muntzing and Bose (I969), using the 
plant method for rating chlorophyll mutations in four inbred 
lines of rye, found that 0 to 1.41# of the plants showed 
spontaneous mutations while O.83 to 14-.86^  of the plants 
showed EMS-induced mutations. In durum wheat, D'AJiato et al. 
(1962) found 69S of Mg plants were chlorophyll mutants after EMS 
treatment. MacKey (I967) treated 2x, 4-%, and 6x wheats with 
various concentrations of EMS from O.Ofo (control) to 
He observed that the chlorophyll mutants among Mg plants were 
1.3 to 10.5# for 2x, 1.2 to 2k.lfo for 4x, and 1.0 to 18.0^ 
for 6x. Amano and Smith (I965) studied mutations induced at 
three loci of maize by EMS seed treatment, and found the single 
locus mutation rate was 4-70 x 10"^ . 
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MATERIALS AND METHODS 
Production of Experimental Populations 
For my study, six pure lines of oats were used: two 
diploids, C.I. 38I5 and Saia (C.I. 7010); two tetraploids, 
Abd. 101 (C.I. 7232) and P.I. 193958; and two hexaploids, 
Mo. 0-205 (C.I. 4988) and C 64-9 (C.I. 7555)' From each pure 
line, one plant was grown under isolation in the greenhouse. 
It was assumed that the respective plants chosen to represent 
the six pure lines were homozygous since each line had been 
inbred for many generations. At anthesis, the primary panicle 
on each plant was covered with a parchment bag to prevent out­
crossing with airborne pollen, and when mature, the covered 
panicles were harvested and threshed individually. To 
propagate the second generation of a pure line, four random 
primary seeds were chosen from the progeny of the original 
plant. Two of these were sown directly into pots (one seed 
per pot) in the greenhouse and the other two were dehulled 
and treated with a mutagen, ethyl methanesulfonate (EMS), 
prior to being sown. Treatment of these seed was done by 
immersing them in an 0,04 M solution of EMS (three seeds per 
cc of solution) for four hours. After treatment, the seeds 
were rinsed thoroughly in tap water and sown. At anthesis, 
the primary panicles of the plants from treated and un­
treated seeds were bagged and when mature they were harvested 
and threshed. The third generation for a pure line was 
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initiated from two random seeds chosen from each of the 
plants grown in generation two. Seeds from nontreated plants 
were sown directly and seeds from EMS-treated plants were 
given the same mutagen treatment as applied in generation two. 
The primary panicle on each resulting plant was bagged at 
anthesis, harvested and threshed at maturity, and sampled for 
two seeds to produce generation four. This sampling and 
propagation procedure was repeated for five generations and 
the EI^ S-treatment was done for the first four generations 
only (Figure 1). The remnant seed lots from the greenhouse 
grown plants were stored for future use. 
After all plants in all generations had been grown, I 
had available 125 remnant seed lots for each pure line of 
oats, i.e., 62 from the nontreated line of descent, 62 from 
the EMS-treated line of descent, and 1 from the original 
plant. Two generations of oat plants were grown per year so 
the total period needed to build the population from a pure 
line was three years. During the following summer, the 125 
remnant seed lots were sown in short rows in the field to in­
crease the seed stocks. The bulk seed from a row was defined 
as a "line". 
The procedures described above for one pure-line of oats 
were applied simultaneously to all six used in my study. 
Figure 1. Flow chart showing the dichotomous system used to produce experimental 
oat lines for one pure-line strain 
UNTREATED ORIGINAL TREATED 
Ï n l1 H n { { n f| ' 
!i ii li  ii ii i! 1 !! i mill 
H 
ON 
17 
Field Evaluation Experiments 
The population of oat lines derived from one pure-line 
was evaluated in one field-grown experiment. In 1971. I 
evaluated the populations from Mo. 0-205, Abd. 101, and C. I. 
3815, and in 1972, I evaluated those from C 649, P.I. 193958^ , 
and Saia. 
Each experiment was grown in a randomized complete block 
design with 12 replicates. Lines were randomly assigned to 
the plots within replicates. A plot was a hill planted with 
32 seeds, and the hills were spaced 30 cm apart in perpendicu­
lar directions. Each replicate was a block of hills 10 x I3 
(five hills of filler were added at the end of a replicate to. 
keep the block symmetrical). The replicates of an experiment 
were placed side by side and two rows of hills of a standard 
oat cultivar were sown around the entire experiment to provide 
competition for hills on the replicate edges. All experiments 
were grown on a Clarion-Webster soil type at Ames, Iowa. Prior 
to sowing, the experimental area was fertilized with 200 kg/ha 
of 5-20-10 analysis fertilizer. Plants were sprayed with 
2 Zineb at weekly intervals from anthesis to maturity to con­
trol foliar diseases. 
Traits measured in all experiments were heading date, 
O^ne treated line was missing. 
2 Zineb is a common name of zinc ethylenebisdithio-
carbamate. 
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plant height, flag leaf length, number of spikelets per 
panicle, weight per 100 seeds, seed width, seed length, and 
crude protein percentage. In the 1972 experiments, I also 
measured grain yield. Heading date, plant height, flag leaf 
length, and number of spikelets per panicle were measured in 
plots of four replicates that were not harvested. Heading 
date was recorded for a plot when 50^  of the panicles were 
completely emerged. Flag leaf length and number of spikelets 
per panicle were measured 10 days after anthesis. In each 
plot, five random flag leaves were measured in cm, and numbers 
of spikelets were counted on five random panicles. Plot 
averages were calculated for these traits before the data 
were analyzed. Plant height was recorded 20 days after an­
thesis as cm from the ground surface to the panicle tips. 
When mature, the plots in the other eight replicates were 
harvested and threshed. Grain yield, which was the weight 
of threshed grain from a plot, was recorded on all eight 
replicates, and weight per 100 seeds, seed width, seed length, 
and crude protein percentage were measured on three of these 
replicates in each experiment. Seed weight was measured on a 
100-seed sample from a plot. Seed width and length were 
measured (to 0.1 mm) on seven caryopses (dehulled seeds) from 
each plot using a microscope. The seven measurements taken 
for seed width or length from one plot were averaged to give 
plot values. Crude protein percentages were determined on 
groat samples from plots of all experiments in 1971 and the 
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P.I. 193958 experiment in 1972, and two replicates from the 
C 649 experiment in 1972 at the Oat Quality Laboratory, 
Agricultural Research Service, U.S. Department of Agriculture, 
Madison, Wisconsin, using the Kjeldahl procedure described as 
AACC Method 46-12 (MacMasters, 1962) and a sample size of 
one g^ . Samples from the Saia experiment and one replicate 
from the C 649 experiment in 1972 were analyzed by myself in 
the Crop Physiology Laboratory of the Agronomy Department, 
2 Ames . A micro-Kjeldahl method, slightly modified from the 
procedure given by Perrin (1953). was used. This procedure 
was as follows: 
1. Groats were oven dried and approximately I50 mg 
(145-155 mg) of whole kernels were weighed and placed in a 
30 ml digestion flask. 
2. Sample was digested in 3 ml concentrated HgSO^  in 
the presence of a small amount of catalyst, made up of 100 g 
KgSO^  : 10 g CuS0^ /5H20 ' 1 g Se, until it was clear and 
colorless. 
3. Sample was transferred to distillation apparatus, 
17.5 ml of 10 N NaOH were added, and 30 ml liquid was steam 
distilled into 10 ml of boric acid solution containing a mix­
ture of methyl red and brom cresol green indicators. 
4rhe author is grateful to Dr. Vernon L. Youngs, the 
director of the laboratory, for his kind cooperation. 
2 The author is indebted to Dr. Irvin C. Anderson for his 
guidance and allowance in using his laboratory. 
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4. The distillate was titrated from green to a pink and 
point (circa pH = 5-6) with 0.01 N HCl. 
Crude protein percentage was calculated using the fol­
lowing formulai 
1. crude protein = 6.25 x t-nl g^ )[atomic wt M) ^  
Statistical Procedures 
All data were transferred to punch cards for derandomiza-
tion and. computations necessary for the analyses of variance. 
Phenotypic correlations between traits were calculated from 
entry means within each experiment. The genotypic covariances 
and variances, obtained by subtracting the error covariances 
and variances from lines covariances and variances, respec­
tively, and dividing by number of replicates, were used to 
calculate genotypic correlations. 
To estimate the general magnitudes of genotypic variation 
and directions of mutational events that occurred spontane­
ously or were induced, I used frequency distributions, means, 
and variances for the populations of lines from the untreated 
and treated line of descent, respectively. To estimate the 
specific mutation rates on bases of trait, genotypic, or 
ploidy level, I arranged the line means in the format shown 
in Figure 1. A mutational event was judged to have occurred 
if one of the siblings was different from the parent and the 
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difference was inherited to the later generations. Least 
significant difference and the F-test with individual degrees 
of freedom both with significances at the yfo level were used 
to detect the difference. 
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RESULTS 
Coefficients of Variation 
The coefficients of variation (CV) for the nine charac­
ters measured on the six oat strains are presented in Table 1. 
The CV's for a character are of about the same magnitude for 
all ploidy levels. 
Analyses of Variance 
Hexaploid variations 
The mean squares from the analyses of variance for grain 
yield, heading date, plant height, flag leaf length, number 
of spikelets per panicle, weight per 100 seeds, seed width, 
seed length, and crude protein percentage measured on the hexa­
ploid oat lines Mo. 0-205 and C 64-9 are presented in Tables 
2-12^  For grain yield of C 649, there was significant vari­
ability among lines in the untreated population (Table 2). 
The variation among generation means was not significant, 
however, and the only significant mean square among line means 
was in the last generation. The mean square among lines in 
the treated population, however, was 4.y times greater than 
that in the untreated one. Significant variability among 
lines within generation was observed after two EMS treatments 
and the mean squares seemed to increase with number of treat­
ments, The generation means in the treated materials differed 
significantly and this seemed to be due to each EMS treatment 
Table 1. Coefficients of variation for nine characters measured on six oat strains 
Strain 
Grain 
yield 
Character 
Flag No. of 100-
Heading Plant leaf spikelets/ seed 
date height length panicle wt. 
Crude 
Seed Seed protein 
width length % 
Hexaploid 
Mo. 0-205 
C 649 17.3 
3.7 
3.2 
3.3 
2 . 8  
9.7 
10.7 
11.6 
14.7 
5.8 
4.4 
1.5 
4.1 
2.7 
3.6 
5.4 
4.2 
Tetraploid 
Abd. 101 
P.I. 193958 2 2 . 0  
2.7 
3.2 
2.9 
2.5 
10.1 
10.0 
14.2 
13.6 
8 . 6  
8.7 
1.5 
3.5 
2.1 
3.7 
7.3 
5.5 
Diploid 
C.I. 3815 
Saia 21.6 
7.2 
2.4 
5.4 
2.9 
10.5 
10.2 
11.9 
11.3 
6.3 
7.0 
1.9 
3.8 
2 . 6  
4.7 
6 . 8  
6 . 0  
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Table 2. Mean squares from the analysis of variance for 
grain yield of oat lines derived from C 649 hexa-
ploid strain 
Source of variation 
Degrees of 
freedom Mean squares 
Total 999 62.9 
Replicates 7 232.3** 
Lines 124 260.5** 
Among untreated lines 61 48.6* 
Among generations 4 46.7 
Among lines/gen. 2 1 5.0 
Among lines/gen. 3 3 66.8 
Among lines/gen. 4 7 48.2 
Among lines/gen. 5 15 25.3 
Among lines/gen. 6 31 59.9** 
Among treated lines 61 228.5** 
Among generations 4 429.7** 
Among lines/gen. 2 1 36.0 
Amo ng line s/gen. 3 3 123.2* 
Among lines/gen. 4 7 174.7** 
Among lines/gen. 5 15 252.1** 
Among lines/gen. 6 31 219.7** 
Untreated vs treated 1 15395.5** 
Original vs descendants 1 5.5 
Error 868 33.3 
'Significant at the 5/^  level. 
••Significant at the Vfo level. 
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causing additional deleterious mutations for grain yield. 
The reductions caused by the third and fourth treatments were 
about 10^  each (Table 5)* That EMS treatment caused many 
mutations for inferior grain yield is evident in Figure 2. The 
mean of the treated population was lower than that of the 
mutagen-derived one by 8 g or 21.6^ , a highly significant dif­
ference, and 37 of the 62 lines in the treated population had 
yields inferior to the lowest yielding lines from the un­
treated one. 
Variation for heading date among lines derived from 
Mo. 0-205 was nonsignificant within both treated and untreated 
populations, but EMS-treatment did cause significant variabili­
ty for this trait in C 649 (Table 3)- Means of generations 
differed significantly, and this appeared to be caused by each 
EMS-treatment causing additional mutations that shifted the 
generation means later. After four treatments, the mean be­
came one day later (Table 5)» Significant variability among 
line means was observed in every generation. The means of the 
untreated and treated populations differed significantly, but 
the mean of the two did not differ from that of the original 
C 6^ 9 line. Mutant lines in the treated population (i.e., 
those that transcended the range of the untreated population) 
were predominantly later, but five were earlier than the 
earliest untreated line (Figure 3)» 
Mean squares for plant height among lines in the untreated 
population were not significant for either Mo. 0-205 or C 649 
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Table 3* Mean squares from the analyses of variance for head­
ing date of oat lines derived from Mo. 0-205 and 
C 649 hexaploid strains 
Degrees of 
freedom 
Mean squares 
Source of variation Mo. 0-205 0 649 
Total 499 0.31 0.88 
Replicates 3 0.44 5.13** 
Lines 124 0.34 2.49** 
Among untreated lines 61 0.28 0.27 
Among treated lines 61 0.42 4.13*^  
Among generations 4 14.73** 
Among lines/gen. 2 1 1.12* 
Among lines/gen. 3 3 3.90** 
Among lines/gen. 4 7 3.46** 
Among lines/gen. 5 15 — — 4.83** 
Among lines/gen. 6 31 — — 2.69** 
Untreated vs treated T JL 0.02 38.96** 
Original vs descendants 1 0.05 0.90 
Error 372 0.30 0.31 
•Significant at the 5^  level. 
••Significant at the Vfo level. 
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Table 4. Mean squares from the analyses of variance for plant 
height of oat lines derived from Mo. 0-205 and C 649 
hexaploid strains 
Source of variation 
Degrees of 
freedom 
iUCGLii I 
Mo. 0-205 
av ucLJ. CO 
C 649 
Total 499 12.86 19.79 
Replicates 3 33.30** 512.71** 
Lines 124 19.08** 34.28** 
Among untreated lines 61 11.71 13.90 
Among treated lines 61 18.17** 46.01** 
Among generations 4 25.12 5.22 
Among lines/gen. 2 1 18.00 18.00 
Among lines/gen. 3 3 17.69 7.83 
Among lines/gen. 4 7 11.65 29.87** 
Among lines/gen. 5 15 26.78** 63.92** 
Among lines/gen. 6 31 14.63 30.84** 
Untreated vs treated X 526.72** 559.94** 
Original vs descendants 1 16.75 36.14 
Error 372 10.62 10.99 
^^ Significant at the Vfo level. 
Table 5« Generation means of untreated and treated oat lines derived from Mo. 0-205 
and C 649 hexaploid strains for grain yield, heading date, and plant 
height 
Grain yield Heading date Plant height 
Untreated Treated Untreated Treated Untreated Treated 
Mo. 0-205 
Generation 
C 649 
Generation 
1 (original) w* mm — — 14.7 14.7 102.0 102.0 
2 (2 lines) — — — — 16.0 14.7 100.1 101.5 
3 (4 lines) — — — — 14.7 15.0 101.9 97.4 
4 (8 lines) — — 15.0 15.0 100.1 99.1 
5 (16 lines) — — 15.0 14.7 101.1 97.6 
6 (32 lines) 15.2 15.0 101.1 99.0 
1 (original) 34.1 34.1 17.0 17.0 120.2 120.2 
2 (2 lines) 38.1 33.9 17.1 16.9 119.0 116.0 
3 (4 lines) 39.1 34.2 17.0 17.6 118.1 116.2 
4 (8 lines) 36.5 31.5 17.3 17.5 117.3 116.3 
5 (16 lines) 37.6 28.4 19.2 17.7 119.1 115.8 
6 (32 lines) 37.0 28.4 17.2 17.9 117.3 116.3 
Figure 2. Frequency distributions for grain yields of oàt 
lines derived from untreated and EMS-treated 
seeds of C 649 hexaploid strain 
Figure 3* Frequency distributions for heading dates of oat 
lines derived from untreated and EMS-treated seeds 
of C 649 hexaploid strain 
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(Table 4), but the variation among lines in the treated popula­
tion was significant for both strains. Significant variation 
among lines was observed only in generation 5"of the Mo. 0-205» 
whereas for C 64-9, significant mean squares occurred in each 
of the last three generations. The phenotypic variance was 
increased only slightly for Mo. 0-205 by the EMS treatment, 
whereas it was increased 3*3 times for C 649. This indicates 
a differential mutational response of these genotypes to EMS 
at loci for plant height expression. Mean plant height was 
significantly reduced in both oat strains, but the ranges of 
line means were not expanded materially by the EMS treatment 
(Figures 4 and 5)« Plant height reduction primarily occurred 
after one and two treatments in C 649 and Mo. 0-205, respec­
tively (Table 5). 
The variation among line means for flag leaf length was 
small to nonsignificant in both C 649 and Mo. 0-205- For 
Mo. 0-205, there was significant phenotypic variance (at 5^  
level) in the untreated but not in the treated population 
(Table 6 and Figure 6), and the variation among untreated 
lines did not appear until the last generation. The mean 
difference between the populations was significant but small 
in magnitude (Table 14). Flag leaf lengths of treated lines 
were longer after two ERîS treatments (Table 9). For C 649, 
the mean square for flag leaf length was significant (at 5^  
level) in the treated population, but the means of the treated 
and untreated populations were not (Figure 7). Variations 
Figure 4. Frequency distributions for 
plant heights of oat lines 
derived from untreated and 
EMS-treated seeds of Mo. 
0-205 hexaploid strain 
Figure 5» Frequency distributions for 
plant heights of oat lines 
derived from untreated and 
EMS-treated seeds of C 649 
hexaploid strain 
Figure 6. Frequency distributions for 
flag leaf lengths of oat 
lines derived from un­
treated and EMS-treated 
seeds of Mo. 0-205 hexa­
ploid strain 
Figure 7. Frequency distributions for 
flag leaf lengths of oat 
lines derived from un­
treated and EMS-treated 
seeds of C 649 hexaploid 
strain 
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Table 6. Mean squares from the analyses of variance for flag 
leaf length of oat lines derived from Mo. 0-205 and 
C 64-9 hexaploid strains 
Source of variation 
Degrees of 
freedom 
Mean 
Mo. 0-205 
squares 
C 649 
Total 499 2.78 2.95 
Replicates 3 4.19 11.40** 
Lines 124 3.39* 3.43* 
Among untreated lines 61 3.43* 2.78 
Among generations 4 0.80 
Among lines/gen. 2 1 0.02 
Among lines/gen. 3 3 . 4.13 
Among lines/gen. 4- 7 2.17 — —  
Among lines/gen. 5 15 3.81 — —  
Among lines/gen. 6 31 3.93* 
Among treated lines 61 3.04 4.03* 
Among generations 4 —  —  1.66 
Among lines/gen. 2 1 —  —  0.84 
Among lines/gen. 3 3 2.20 
Among lines/gen. 4 7 6.23* 
Among lines/gen. 5 15 3.64 
Among lines/gen. 6 31 4.31* 
Untreated vs treated 1 23.17** 9.88 
Original vs descendants 1 1.86 0.59 
Error 372 2.56 2.69 
•Significant at the 5^  level. 
•^Significant at the Vfo level. 
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among treated lines were observed in generations 4 and 6. 
Based on the mean squares and frequency distributions, genes 
at loci that affect flag leaf length seem to be rather im­
mutable . 
The phenotypic variance for number of spikelets per 
panicle was increased twofold by the EIvIS treatment of C 649, 
whereas it was increased only a small amount in Mo. 0-205 
(Table 7 and Figures 8, 9)» However, the variations in both 
treated populations were significant. Variation among lines 
within generation was observed three times in C 649 vfhereas 
it was observed only once in Mo. 0-205. Means of number of 
spikelets per panicle were different among generations in 
C 649. The mean differences between treated and untreated 
populations were significant in both strains. The treated 
population of Mo. 0-205 had one spikelet less than did the 
untreated population (Table 14). The number of spikelets 
per panicle for C 649 was reduced by four with repeated EMS-
treatment (Tables 9 and 14). 
For 100-seed weight, there was significant variation 
among lines in both the treated and untreated populations of 
Mo. 0—205, but the means of them did not differ significantly 
(Table 8 and Figure 10). Variations among means of untreated 
and treated lines were observed in the last generation and 
the last two generations, respectively. Seemingly, natural 
mutations did not occur for this character in C 649, but 
significant variation was induced for it. The variability 
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Table ?• Mean squares from the analyses of variance for 
number of spikelets per panicle of oat lines de­
rived from Mo. 0-205 and G 649 hexaploid strains 
Source of variation 
Degrees of 
freedom 
Mean squares 
Mo. 0-205 C 649 
Total 4-99 14.84 39.40 
Replicates 3 111.15** 622.30** 
Lines 124 17.84** 54.27** 
Among untreated lines 61 16.73 29.91 
Among treated lines 61 17.90* 61.03** 
Among generations k 17.50 72.05* 
Among lines/gen. 2 1 35.28 78.12 
Among lines/gen. 3 3 7.80 80.86* 
Among lines/gen. 4 7 10.55 50.26 
Among lines/gen. 5 15 26.49* 62.74* 
Among lines/gen. 6 31 15.88 58.75** 
Untreated vs treated 1 98.92** 1170.06** 
Original vs descendants 1 0.92 11.75 
Error 372 13.06 29.75 
S^ignificant at the % level. 
••Significant at the 1^  level. 
Figure 8. 
Figure 9» 
Frequency distributions for 
number of spikelets per 
panicle of oat lines derived 
from untreated and EMS-
treated seeds of Mo. 0-205 
hexaploid strain 
Frequency distributions! for 
number of spikelets per 
panicle of oat lines derived 
from untreated and EMS-
treated seeds of G 64-9 hexa­
ploid strain 
Figure 10. Frequency districutions for 
100-seed weight of oat 
lines derived from un­
treated and EMS-treated 
seeds of Mo. 0-205 hexa­
ploid strain 
Figure 11. Frequency distributions for 
100-seed weight of oat 
lines derived from un­
treated and EMS-treated 
seeds of C 649 hexaploid 
strain 
_ Mo. 0-205 
rj 
20 
10 
20 
i § 
oc 
10 
_ c 649 rv. 
1 
\
 
"
/ 
/ f 
\ \ 1 
\
 
"
/ 
/ f 
\ \ \\ \\ 
1  ^
1 
\
 
"
/ 
/ f 
30 35 40 
20 
10 
45 
NO. OF SPIRELETS 
Mo. 0-205 
_i_ 
1.80 2.10 2.40 
C 649 
2.60 2.80 
GRAMS PER 100 SEEDS 
3.00 
39 
Table 8. Mean squares from the analyses of variance for 100-
seed weight of oat lines derived from Mo. 0-205 and 
C 649 hexaploid strains 
Source of variation 
Degrees of 
freedom 
Mean squares 
Mo. 0-205 C 649 
Total 499 0.020 0.024 
Replicates 3 0.068* 1.054** 
Lines 124 0.028** 0.026** 
Among untreated lines 61 0.023** 0.018 
Among generations 4 0.034 
Among lines/gen. 2 1 0.057 
Among lines/gen. 3 3 0.021 
Among lines/gen. 4 7 0.010 
Among lines/gen. 5 15 0.019 
Among lines/gen. 6 31 0.026* 
Among treated lines 61 0.032** 0.032** 
Among generations 4 0.015 0.019 
Among lines/gen. 2 1 0.000 0.038 
Among lines/gen. 3 3 0.013 0.034 
Among lines/gen. 4 7 0.021 0.035* 
Among lines/gen. 5 15 0.036** 0.020 
Among lines/gen. 6 31 0.038** 0.039** 
Untreated vs treated 1 0.016 0.132** 
Original vs descendants 1 0.012 0.042 
Error 372 0.015 0.015 
•Significant at the 5^  level. 
••""Significant at the 1^  level. 
Table 9. Generation means of untreated and treated oat lines derived from Mo. 0-205 
and C 649 hexaploid strains for flag leaf length, number of spikelets per 
panicle, and 100-seed weight 
No. of spike-
Flag leaf length lets/panicle 100-seed weight 
Untreated Untreated Treated Untreated Treated Untreated Treated 
Mo. 0-205 
Generation 1 (original) 15.9 15.9 30.7 30.7 2.21 2.21 
2 (2 lines) 15.8 15.6 29.7 30.5 2.12 2.19 
3 (4 lines) 16.0 16.9 31.6 31.1 2.23 2.12 
4 (8 lines) 16.1 16.5 31.8 30.1 2.19 2.18 
5 (16 lines) 16.3 16.5 31.4 30.1 2.16 2.13 
6 (32 lines) 16.2 16.8 31.8 31.1 2.13 2.13 
C 649 
Generation 1 (original) 15.0 15.0 38.7 38.7 2.91 2.91 
2 (2 lines) 15.4 15.5 37.9 39.2 2.86 2.81 
3 (4 lines) 15.8 15.3 36.7 35.9 2.83 2.80 
4 (8 lines) 15.7 15.2 37.7 37.4 2.79 2.74 
5 (16 lines) 15.3 14.9 39.5 34.8 2.80 2.74 
6 (32 lines) 15.5 15.3 38.5 34.9 2.81 2.78 
among treated lines was significant in generations 4 and 6. 
The mean 100-seed weight was reduced by the mutagen treatment 
(Table 14). The only significant sources for seed width was 
due to replicates for both oat cultivars and "original vs 
descendants" in Mo. 0-205 (Table 10). This latter difference, 
however, can likely be attributed to chance. As with flag 
leaf length, the alleles at loci that affect seed width of 
Mo. 0-205 and C 64-9 seem to be rather immutable. For seed 
length, there was significant variation in the EMS-treated 
populations of both oat strains (Table 11 and Figures 12, 13). 
The variation was liigher in C 649 than in Mo. 0-205. Means 
of the untreated and treated populations were not different 
for Mo. 0-205, but mean seed length was significantly in­
creased by the mutagen treatment of C 649 (Tables 13 and 14). 
There was no variation among lines within populations of 
Mo. 0-205 for crude protein percentage, but there was a sig­
nificant increase in the mean of the treated population 
(Table 12 and Figure 14). The ranges of the treated and 
untreated populations were identical, however. The treated 
population of C 649 showed significant variation among line 
means for this character (Table 12 and Figure 15), and the 
mean of the treated population was increased nearly 0.5/° 
(Tables 13 and 14). Variation among treated line means was 
significant in the last two generations. Nine lines in the 
treated population of C 649 had higher crude protein percent­
ages than the highest untreated line. 
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Table 10. Mean squares from the analyses of variance for seed 
width of oat lines derived from Mo. 0-205 and C 649 
hexaploid strains 
Source of variation 
Degrees of 
freedom Mo. 
ay 
0-205 
MCLX. CO 
C 649 
Total 374 0. 0012 0.0105 
Replicates 2 0. 0228** 0.2100** 
Lines 124 0. 0090 0.0100 
Among untreated lines 61 0. 0008 0.0074 
Among treated lines 61 0. 
o\ 0
 
0
 
0
 0.0107 
Untreated vs treated 1 0. 0007 0.1394 
Original vs descendants 1 0. 0110** 0.0016 
Error 248 0. 0011 0.0092 
**Significant at the level. 
If one assumes that the cases of significant mean squares 
among line means within populations are due to mutation, then 
in Mo. 0-205 there were spontaneous mutational events at loci 
that affected flag leaf length and 100-seed weight, but not at 
loci that affected the other six characters measured on this 
cultivar. For C 649, the only character for which spontaneous 
mutations appeared to occur was grain yield. ED-iS seed treat­
ment caused mutations in Mo. 0-205 at loci affecting plant 
height, number of spikelets per panicle, 100-seed weight, and 
seed length. The mean squares for number of spikelets per 
Figure 12. Frequency distributions for 
seed length of oat lines de­
rived from untreated and EMS 
treated seeds of Mo. 0-205 
hexaploid strain 
Figure I3. Frequency distributions for 
seed length of oat lines de­
rived from untreated and EMS 
treated seeds of C 649 hexa­
ploid strain 
Figure 14. Frequency distributions for 
crude protein percentage of 
oat lines derived from un­
treated and EMS-treated 
seeds of Mo. 0-205 hexa­
ploid strain 
Figure 15• Frequency distributions for 
crude protein percentage of 
oat lines derived from un­
treated and EMS-treated 
seeds of C 649 hexaploid 
strain 
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Table 11. Mean squares from the analyses of variance for seed 
length of oat lines derived from Mo. 0-205 and C 649 
hexaploid strains 
Degrees of Mean squares 
Source of variation freedom Mo. 0-205 C 649 
Total 374 0.055 0.104 
Replicates 2 0.903** 4.557** 
Lines 124 0.055 0.100** 
Among untreated lines 61 0.048 0.077 
Among treated lines 61 0.060* 0.116** 
Among generations 4 0.032 0.038 
Among lines/gen. 2 1 0.002 0.012 
Among lines/gen. 3 3 0.010 0.298** 
Among lines/gen. 4 7 0.045 0.063 
Among lines/gen. 5 15 0.048 0.114 
Among lines/gen. 6 31 0.080* 0.124* 
Untreated vs treated 1 0.030 0.483** 
Original vs descendants 1 0.104 0.149 
Error 248 0.049 0.070 
S^ignificant at the 55^  level. 
^^ Significant at the Ifo level. 
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Table 12. Mean squares from the analyses of variance for 
crude protein percentage of oat lines derived 
from Mo. 0-205 and C 64-9 hexaploid strains 
Degrees of 
freedom 
Mean squares 
Source of variation Mo. 0-205 C 649 
Total 374 0.78 0.87 
Replicates 2 1.34 11.78** 
Lines 124 0.91* 1.19** 
Among untreated lines 61 0.88 0.67 
Among treated lines 61 0.86 1.42** 
Among generations 4 2.21** 
Among lines/gen. 2 1 1.91 
Among lines/gen. 3 3 1.45 
Among lines/gen. 4 7 0.71 
Among lines/gen. 5 15 — — 1.81** 
Among lines/gen. 6 31 — — 1.26** 
Untreated vs treated 1 5•35** 20.58** 
Original vs descendants 1 0.38 0.00 
Error 248 0.71 0.62 
S^ignificant at the 5^  level. 
•^Significant at the 1.% level. 
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Table 13• Generation means of untreated and treated oat lines 
derived from Mo. 0-205 and C 649 hexaploid strains 
for seed length and crude protein percentage 
Seed length 
Crude protein 
percentage 
Untreated Treated Untreated Treated 
Mo. 0-205 
Generation 1 (original) 7.92 7.92 15.97 15.97 
2 (2 lines) 8.04 8.13 15.15 15.12 
3 (4 lines) 8.09 8.06 15.33 15.67 
4 (8 lines) 8.09 8.13 15.51 15.76 
- 5 (16 lines) 8.12 8.15 15.65 15.67 
6 (32 lines) 8.09 8.09 15.44 15.80 
C 64? 
Generation 1 (original) 7.56 7.56 18.77 18.77. 
2 (2 lines) 7.28 7.24 18.76 18.33 
3 (4 lines) 7.31 ?.46 18.22 18.93 
4 (8 lines) 7.24 7.38 18.76 18.58 
5 (16 lines) 7.35 7.37 18.37 19.09 
6 (32 lines) 7.30 7.37 18.59 19.13 
Table 14. Means and standard deviations for nine characters measured on populations 
of oat lines derived from untreated and EMS-treated seeds of Ko. 0-205 
and C 649 hexaploid strains 
Character Original Untreated lines Treated lines 
Heading date (date in June) 
Plant height (cm) 
Flag leaf lengfch (cm) 
No. of spikelets per panicle 
100-seed weight (g) 
Seed width (mm) 
Seed length (mm) 
Crude protein percentage 
Mo. 0-205 
14.75 0.76 14.86 ± 0.07 14.87 ± 0.07 
102.00 ± 4.52 100.98 ± 0.40 98.91 0.40 
15.90 ± 2.22 16.20 ± 0.20 16.64 ± 0.20 
30.70 ± 5.02 31.63 ± 0.45 30.73 ± 0.45 
0.21 ± 0.23 • 2.15 ± 0.02 2.14 ± 0.02 
2.20 ± 0.06 2.14 ± 0.00 2.13 ± 0.00 
7.92 ± 0.41 8. 09 ± 0.03 8.11 ± 0.03 
15.97 ± 1.55 15.49 ± 0.12 15.73 ± 0.12 
C 649 
Grain yield per plot (g) 
Heading date (date in June) 
Plant height (cm) 
Flag leaf length (cm) 
No. of spikelets per panicle 
100-seed weight (g) 
Seed width (mm) 
Seed length (mm) 
Crude protein percentage 
34.12 ± 4.71 37.24 ± 0.51 29.36 0.51 
17.00 ± 0.77 17.20 ± 0.07 17.76 ± 0.07 
120.25 ± 4.60 118.29 0.41 116.17 ± 0.41 
15.05 ± 2.28 15.51 ± 0.20 15.03 db 0.20 
38.70 ± 7.57 38.51 ± 0.68 35.44 ± 0.20 
2.91 ± 0.23 2.81 ± 0.02 2.77 d: 0.02 
2.38 d: 0.23 2.38 db 0.01 2.34 ± 0.01 
7.56 ± 0.48 7.30 ± 0.04 7.37 ± 0.04 
18.77 ± 1.44 18.54 d: 0.11 19.01 ± 0.11 
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panicle and seed length were significant at the 59^  level only, 
however. For C 649, EMS treatment caused mutational events for 
all characters except seed width, and the mean squares among 
lines within the treated population were significant at the 
Vfo level for seven characters and the 55" level for one. 
Apparently, neither Mo. 0-205 nor C 649 is very mutable spon­
taneously, but when seeds of these oat strains are treated 
with EMS, C 649 is much more subject to induced mutations than 
is Mo. 0-205. 
Phenotypic and genotypic correlations 
In the untreated population of Mo. 0-205, plant height and 
flag leaf length were significantly correlated with each other 
and with the yield components, number of spikelets per panicle 
and seed width (Table 15). Crude protein percentage was 
correlated with flag leaf length and seed length. Generally, 
the magnitudes of the phsnotypic correlation were low. The 
pattern of correlations for the treated population of Mo. 0-205 
did not correspond to the untreated one (Table 16). Generally, 
there were more negative correlations in this population. 
For C 649, there were only two significant phenotypic 
correlations in the untreated population (Table 17). On the 
contrary, there were numerous significant phenotypic correla­
tions in the treated population (Table 18). For the treated 
and untreated populations of Mo. 0-205 and the untreated one 
of C 649, it was not appropriate to calculate many genotypic 
Table 15« Phenotypic (above dia&pnal) and genotypic correlations (below diagonal) 
among pairs of traits measured on untreated oat lines derived from Mo. 
0-205 hexaploid strain 
Heading 
date 
Plant 
height 
Flag 
leaf 
length 
No. of 
spike- 100-
lets/ seed 
panicle weight 
Seed 
width 
Crude 
Seed protein 
length percentage 
Heading date — 0.18 0.10 0.12 0.08 -0.10 0.09 0.08 
Plant height — — 0.33** 0.28* —  —  0.25* 0.12 0.12 
Flag leaf length — —  — —  0.28* 0.08 0.30* 0.20 0.25* 
No. of spikelets 
per panicle — — — —  —  —  0.05 0.16 0.07 0.01 
100-seed weight -  —  — —  0.24 — - 0.06 0.19 0.10 
Seed width — — —  —  —  —  "  —  0.21 0.08 
Seed length — —  — — 0.37** 
Crude protein 
percentage — — —  —  .. — — — 
S^ignificant at the 5^  level. 
^^ Significant at the Vfo level. 
Table 16. Phenotypic (above diagonal) and genotypic correlations (below diagonal) 
among pairs of traits measured on treated oat lines derived from Ko. 0-205 
hexaploid strain 
No. of 
Flag spike- 100- Crude 
Heading Plant leaf lets/ seed Seed Seed protein 
date height length panicle weight width length percentage 
Heading date -0.19 -0.09 0.30* -0.21 -0.07 -0.12 -0.13 
Plant height - - -0.01 0.09 0.16 0.14 0.03 0.09 
Flag leaf length — — -0.03 0.01 -0.15 -0.04 0.13 
No. of spikelets 
per panicle 0.09 — — -0.32* -0.24 -0.31* 
CM 1—
! 0
 1 
100-seed weight -— 0.36 — — 0 » 92 0.19 -0.04 -0.04 
Seed width —— — — — — —— 0.26* 0.06 
Seed length 0.35 -3.95 -0.47 - - 0.42** 
Crude protein 
percentage — — — - -
S^ignificant at the % level. 
^^ Significant at the 1% level. 
Table 1?. Phenotypic (above diagonal) and genotypic correlations (below diagonal) 
among pairs of traits measured on untreated oat lines derived from C 649 
hexaploid strain 
Grain 
yield/ 
plot 
Heading Plant 
date height 
Flag 
leaf 
length 
No. of 
spike- 100-
lets/ seed 
panicle weight 
Seed 
width 
Seed 
length 
Crude 
protein 
per­
centage 
Grain yield/ 
plot -0.31* 0.23 -0.12 -0.04 -0.05 -0.03 0.19 0.12 
Heading date —  —  -0.10 0.35** —  —  0.14 0.03 -0.0$ 0.04 
Plant height -0.03 0.23 — 0.08 -0.02 0.13 -0.06 
Flag leaf 
length —  —  —  —  — —  -0.08 0.22 -0.05 0.09 -0.09 
No. of spike-
lets/panicle —  —  —  —  —  —  "0. 04 0.09 -0.07 0.16 
100-seed 
weight —  —  —  —  —  —  —  —  0.06 0.32* -0.09 
Seed width —  —  
— 
0.10 -0.02 
Seed length - - "  — —  —  —  —  — —  —  -0.09 
Crude protein 
percentage - - —  —  - — —  —  
— 
—  —  
S^ignificant at the 5/^  level. 
**Significant at the Ifo level. 
Table 18. Phenotypic (above diagonal) and genotypic correlations (below diagonal) 
among pairs of traits measured on treated oat lines derived from C 649 
hexaploid strain 
No. of Crude 
Grain Flag spike- 100- protein 
yield/ Heading Plant leaf lets/ seed Seed Seed per-
plot date height length panicle weight width length centage 
Grain yield/ 
plot -0.45** 0.34** 0.34** 0.58** -0.18 0.37** -0.22 -0.31* 
Heading date -0.74 0.14 -O.32* -0.59** 0.I3 -0.40** O.I9 0.62** 
Plant height 0.64 0.18 0.27* O.35** 0.I5 -0.05 -0.11 0.36** 
Flag leaf 
length 0.93 -0.57 0.37 0.44** -0.28* 0.23 -0.18 -0.28* 
No. of spike-
lets/panicle 1.18 -0.74 0.34 0.82 -0.19 0.38** -0.36** -0.32* 
100-seed 
weight -0.16 0.20 0.24 -0.24 -O.33 O.O5 O.32* 0.24 
Seed width — — — — —— — — — — — — —0.27* —0.16 
Seed length -0.45 O.33 -0.21 -O.53 -0.77 O.32 -1.48 0.04 
Crude protein 
percentage -O.39 0.85 0.55 -O.65 -0.54 0.46 -O.59 
S^ignificant at the 5^  level. 
^^ Significant at the 1^  level. 
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correlations because few of the genotypic variances were sig­
nificant. For the treated population of C 649, however, the 
genotypic correlations were quite large. 
Tetraploid variations 
Grain yield means among lines in the untreated popula­
tion of P.I. 19395s oat strain did not differ significantly, 
but the phenotypic variance of the treated population was 2.3 
times greater than the untreated one (Table 19). The varia­
tion induced by ERIS was unidirectional for inferior yield of 
the treated lines (Figure I6). Twelve mutagen-derived lines 
yielded less than the lowest yielding line in the untreated 
population. Further, the mean grain yield of the untreated 
population was 24.3, which represented a 12.3/» reduction due 
to the ElUS treatment. The low-yield mutations showed up 
primarily in generations 5 and 6 (Table 22). 
There were no significant mean squares for heading date 
in either the treated or untreated populations of Abd. 101 
(Table 20). Variability for this character was not signifi­
cant within the untreated population of P.I. 193958, but sig­
nificant variation was induced by the EMS treatment. The 
mean of the treated population was O.36 of a day later than 
that of the untreated one (Table 22), and the difference was 
statistically significant. The major portion of this later 
heading date mean was due to mutant lines in the last two 
generations (Table 22). Thirteen of the treated lines wore 
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Table 19. Mean squares from the analysis of variance for 
grain yield of oat lines derived from P.I. 193958 
tetraploid strain 
Source of variation 
Degrees of 
freedom Mean squares 
Total 991 39.7 
Replicates 7 167.6** 
Lines 123 79.7** 
Among untreated lines 61 34.6 
Among treated lines 60 81.3** 
Among generations 4- 569.0** 
Among lines/gen. 2 1 90.5 
Among lines/gen. 3 3 37.7 
Among lines/gen. 4 7 24.2 
Among lines/gen. 5 14 62.4* 
Among lines/gen. 6 31 43.8 
Untreated vs treated 1 2793.1** 
Original vs descendants 1 23.6 
Error 861 32.9 
•^ Significant at the 55^  level. 
•"•^ Significant at the Ifc level. 
later than the latest untreated line (Figure 17). 
Since the mean squares among lines were significant in 
both treated and untreated populations, it appears that spon­
taneous and induced mutations occurred for plant height in 
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Table 20. Mean squares from the analyses of variance for 
heading date of oat lines derived from Abd. 101 
and P.I. 193958 tetraploid strains 
Degrees of Mean squares 
Source of variation freedom Abd. 101 P.I. 193958 
Total 499 (495)^  0.09 0.60 
Replicates 3 0.73** 12.54** 
Lines 124 (123) 0.08 0.79 
Among untreated lines 61 0.09 0.33 
Among treated lines 61 (60) 0.08 1.00** 
Among generations (4) 2.72** 
Among lines/gen. 2 (1) 1.12 
Among lines/gen. 3 (3) — — 0.89 
Among lines/gen. 4 (7) 1.07* 
Among lines/gen. 5 (14) — — 1.10** 
Among lines/gen. 6 (31) 0.73* 
Untreated vs treated 1 0.29 16.15-
Original vs descendants 1 0.01 0.33 
Error 372 (369) 0.09 0.44 
D^egrees of freedom in 
193958 only. 
parentheses applicable to P.I. 
•Significant at the 5^  level. 
••Significant at the 1% level. 
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Table 21. Mean squares from the analyses of variance for 
plant height of oat lines derived from Abd. 101 
and P.I. 193958 tetraploid strains 
Source of variation 
Degrees of 
freedom 
Mean 
Abd. 101 
souares 
P.I. 193958 
Total 499 (495)^  10.64 13.47 
Replicates 3 735.05** 737.72** 
Lines 124 (123) 8.29** 15.40** 
Among untreated lines 61 8.68** 11.02** 
Among generations 4 1.35 8.93 
Among lines/gen. 2 1 0.98 12.50 
Among lines/gen. 3 3 20.04* 1.23 
Among lines/gen. 4 7 12.15* 2.48 
Among lines/gen. 5 15 8.10 15.12** 
Among lines/gen. 6 31 8.27 12.14** 
Among treated lines 61 (60) 7.92* 18.02** 
Among generations 4 23.81** 18.15* 
Among lines/gen. 2 1 21.78* 15.12 
Among lines/gen. 3 3 2.84 19.73* 
Among lines/gen. 4 7 15.18** 12.03 
Among lines/gen. 5 15 (14) 5.18 30.67** 
Among lines/gen. 6 31 5.60 13.58** 
Untreated vs treated 1 12.59 136.12** 
Original vs descendants 1 2.24 4.26 
Error 372 (369) 5.58 6.78 
'degrees of freedom in parentheses applicable to P.I. 
193958 only. 
•Significant at the 5^  level. 
••Significant at the Vfo level. 
Table 22. Generation means of untreated and treated oat lines derived from Abd. 101 
and P.I. 193958 tetraploid strains for grain yield, heading date, and 
plant height 
Grain yield Heading date Plant height 
Untreated Treated Untreated Treated Untreated Treated 
Abd. 101 
Generation 1 (original) 11.0 11.0 81.2 81.2 
2 (2 lines) — — — — 11.0 11.0 81.4 77.9 
3 (4 lines) — — — — 11.1 10.7 80.5 81.1 
4 (8 lines) — mm M 11.2 10.7 80.7 79.3 
5 (16 lines — — — 11.0 11.0 80.7 80.4 
6 (32 lines) — — — — 11.0 11.0 80.6 80.6 
P.I. i??958 
Generation 1 (original) 27.7 27.7 30.2 20.2 104.2 104.2 
2 (2 lines) 28.7 26.8 20.1 20.4 105.7 104.9 
3 (4 lines) 27.2 27.5 20.1 20.3 105.8 103.9 
4 (8 lines) 28.1 28.1 20.2 20.3 105.8 105.0 
5 (16 lines) 27.4 25.1 20.5 20.9 105.2 105.6 
6 (32 lines) 27.7 22.5 20.5 20.8 106.1 104.4 
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both tetraploid strains (Table 21 and Figures 18, 19). Means 
of the two populations were not significantly different in 
Abd. 101, but mean plant height was reduced by a significant 
amount of 1 cm by EMS treatment of P.I. 193958. This latter 
difference did not show until generation 6 (Table 22), however. 
For Abd. 101, the generations in which there were significant 
variations among line means were in no orderly sequence, i.e., 
significant mean squares occurred in generations 3 and 4 of 
the untreated population and generation 4 of the treated one. 
Contrariwise, for P.I. 193958, the significant mean squares 
occurred in generations 5 and 6 in both populations indicating 
a gradual build-up of mutations over generations. 
Even though the ranges of the line means for flag leaf 
length were 5 and 6 cm for Abd. 101 and P.I. 193958, respec­
tively, the only significant sources of mean squares for this 
trait were "replicates" for both strains and between popula­
tion means for P.I. 193958 (Figures 20, 21 and Table 23). 
The longer flag leaf length was induced at the beginning of 
the Er/IS treatment (Table 25). Based upon mean squares and 
frequency distributions, alleles at loci that affect flag 
loaf length in these tetraploid oat strains seem rather 
immutable. 
Abd. 101 showed no significant variation for number of 
spikelets per panicle due to any genotypic source. The varia­
tion among line means for this character in the untreated 
Figure 16. Frequency distributions for grain yields of oat 
lines derived from untreated and EMS-treated 
seeds of P.I. 193958 tetraploid strain 
Figure 1?. Frequency distributions for heading dates of 
oat lines derived from untreated and EMS-treated 
seeds of P.I. 193958 tetraploid strain 
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Figure 18. Frequency distributions for 
plant heights of oat lines 
derived from untreated and 
EMS-treated seeds of Abd. 
101 tetraploid strain 
Figure 19. Frequency distributions for 
plant height of oat lines 
derived from untreated and 
EMS-treated seeds of IM. 
19395s tetraploid strain 
Figure 20. Frequency distributions for 
flag leaf length of oat 
lines derived from un­
treated and EMS-treated 
seeds of Abd. 101 tetra­
ploid strain 
Figure 21. Frequency distributions for 
flag leaf length of oat 
lines derived from un­
treated and EMS-treated 
seeds of P.I. 193958 
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Table 23. Mean squares from the analyses of variance for 
flag leaf length of oat lines derived from Abd. 101 
and P.I. 193958 tetraploid strains 
Degrees of Mean squares 
Source of variation freedom Abd. 101 P.I. 193958 
Total O
N o\ (495)^  4. 12 4.40 
Replicates 3 22. 08** 30.60** 
Lines 124 (123) 3. 98 4.71 
Among untreated lines 61 4. 44 4.12 
Among treated lines 61 (60) 3. 58 5.17 
Untreated vs treated 1 2. 45 16.66* 
Original vs descendants 1 1. 40 0.35 
Error 372 (369) 4. 02 4.08 
D^egrees of freedom in parentheses applicable to P.I. 
193958 only. 
•Significant at the 5^  level. 
•^ Significant at the Vfo level. 
population of P.I. 193958 was not significant, but significant 
variation was induced by the EîflS treatment (Table 24 and 
Figures 22, 23). This significant variation among line means 
occurred in generations 2 and 6. The mean of the treated 
lines was one spikelet greater than that of the untreated 
lines, and two treated lines had higher means than any un­
treated line. 
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Table Zk. Mean squares from the analyses of variance for num­
ber of spikelets per panicle of oat lines derived 
from Abd. 101 and P.I. 193958 tetraploid strains 
Degrees of 
freedom 
Mean squares 
Source of variation Abd. 101 P.I. 193958 
Total 499 (495)* 5.80 25.57 
Replicates 3 34.51** 64.15* 
Lines 124 (123) 5.68 28.20 
Among untreated lines 61 6.06 20.25 
Among treated lines 61 (60) 5.12 35.42* 
Among generations (4) 28.41 
Among lines/gen. 2 (1) 172.98** 
Among lines/gen. 3 (3) • 4.45 
Among lines/gen. 4 (7) — — 26.50 
Among lines/gen. 5 (14) 23.76 
Among lines/gen. 6 (31) — — 42.17* 
Untreated vs treated 1 11.61 106.74* 
Original vs descendants 1 10.45 1.60 
Error 372 (369) 5.61 24.38 
degrees of freedom in parentheses applicable to P.I. 
193958 only. 
S^ignificant at the 5^  level. 
**Significant at the Vfo level. 
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Table 25. Generation means of untreated and treated oat lines 
derived from P.I. 193958 tetraploid strain for flag 
leaf length and number of spikelets per panicle 
No. of spike-
Fla/; leaf length lets/panicle 
Untreated Treated Untreated Treated 
P.I. 193968 
1 (original) 20.6 20.6 35.7 35.7 
2 (2 lines) 19.1 20.6 32.9 36.9 
3 (4 lines) 19.7 21.3 37.3 36.2 
4 (8 lines) 20.0 20.4 36.8 35.3 
5 (16 lines)^  20.3 20.4 35.9 37.5 
6 (32 lines) 20.1 20.4 35.6 36.9 
1^5 lines for treated population. 
None of the mean squares (except "original vs descendants" 
in P.I. 193958) for weight per 100 seeds was significant for 
either tetraploid oat strain (Table 26). The significant mean 
squares for "original or descendants" in P.I. 193958 may have 
been due to chance since the original is based on one line 
only. The mean squares for seed width were contradictory in 
the tetraploid strains (Table 27 and Figures 24, 25). For 
Abd. 101, significant variation was observed among the un­
treated lines but not among the treated ones. Contrariwise, 
for P.I. 193958, there was significant variation among treated 
line means, but not among untreated lines. However, both of 
Figure 22. Frequency distributions for 
number of spikelets per 
panicle of oat lines derived 
from untreated and EMS-treated 
seeds of Abd. 101 tetraploid 
strain 
Figure 23. Frequency distributions for 
number of spikelets per 
panicle of oat lines derived 
from untreated and EMS-treated 
seeds of P.I. 193958 tetraploid 
strain 
Figure 24. Frequency distributions for 
seed width of oat lines de­
rived from untreated and 
EMS-treated seeds of Abd. 
101 tetraploid strain 
Figure 25. Frequency distributions for 
seed width of oat lines de­
rived from untreated and 
EMS-treated seeds of P.I. 
193958 tetraploid strain 
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these mean squares, i.e., for untreated lines of Abd. 101 
and treated lines of P.I. 193958, were significant at the % 
level only, so the degrees of variation for them were not very 
impressive. Mean seed width of P.I. 193958 was decreased 
significantly by the EMS treatment (Tables 29 and 31)- Seed 
length for the tetraploid oat strains presents a very inter­
esting case (Table 28 and Figures 26, 27). The mean squares 
among lines within the treated and untreated populations were 
nearly identical for Abd. 101 and also for P.I. 193958 (0.0^ 9 
and 0.050, respectively, for Abd. 101, and 0.110 and 0.111, 
respectively, for P.I. 193958). These four mean squares all 
were significant. These data indicate that the spontaneous 
and induced variation for seed length were equal in each 
strain. Mean seed length of treated lines of P.I. 193958 
was significantly shorter than that of the untreated lines 
(Tables 29 and 31)* 
There was no significant variation for crude protein 
percentage in Abd. 101, and the only significant source for 
P.I. 193958 was for "original vs descendants" (Table 30 and 
Figures 28, 29). The mean of the original line was 21.50 ± 
1.99 which, actually, may not be different from the descendants. 
Again assuming that cases of significant mean squares are 
due to mutation, for Abd. 101 there were spontaneous mutational 
events at loci that affected plant height, seed width, and 
seed length, but not at loci that affected the other five 
characters. For P.I. 193958, the characters for which spon-
70 
Table 26. Mean squares from the analyses of variance for 100-
seed weight of oat lines derived from Abd. 101 and 
P.I. 193958 tetraploid strains 
Degrees of 
freedom 
Mean squares 
Source of variation Abd. 101 P.I. 193958 
Total 374 (371)^  0.004 0.028 
Replicates 2 0.067 0.839** 
Lines 124 (123) 0.039 0.025 
Among untreated lines 61 0.037 0.019 
Among treated lines 61 (60) 0.040 0.02? 
Untreated vs treated 1 0.098 0.058 
Original vs descendants 1 0.019 0.175** 
Error 248 (246) 0.039 0.023 
degrees of freedom in parentheses applicable to P.I. 
193958 only. 
••Significant at the Ifo level. 
taneous mutations seem to occur were plant height and seed 
length. Significant mean squares among lines within the 
treated population of Abd. 101 occurred only for plant height 
and seed length, but in neither of these cases was the mean 
square significantly greater than the comparable one for the 
untreated population. Therefore, it appeared that EMS treat­
ment probably caused no increase of mutational events in Abd. 
101 over the number that occurred spontaneously. For P.I. 
193958, there were significant mean squares among lines in the 
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Table 27. Mean squares from the analyses of variance for 
seed width of oat lines derived from Abd. 101 and 
P.I. 193958 tetraploid strains 
Degrees of 
freedom 
Mean squares 
Source of variation Abd. 101 P.I. 193958 
Total 374 (371) 0.0010 0.0055 
Replicates 2 0.0049** 0.1270** 
Lines 124 (123) 0.0011* 0.0058** 
Among untreated lines 61 0.0012* 0.0048 
Among generations 4 0.0002 
Among lines/gen. 2 1 0.0014 
Among lines/gen. 3 3 0.0001 
Among lines/gen. 4 7 0.0017 
Among lines/gen. 5 15 0.0020** 
Among lines/gen. 6 31 0.0009 
Among treated lines 61 (6o) 0.0010 0.0059* 
Among generations (4) 0.0018 
Among lines/gen. 2 (1) 0.0074 
Among lines/gen. 3 (3) — — 0.0043 
Among lines/gen. 4 (7) 0.0165** 
Among lines/gen. 5 (14) 0.0050 
Among lines/gen. 6 (31) 0.0047 
Untreated vs treated 1 0.0019 0.0406** 
Original vs descendants 1 0.0018 0.0275* 
Error 248 (246) 0.0009 0.0043 
D^egrees of freedom in parentheses applicable to r.I. 
193958 only. 
•Significant at the % level. 
••Significsint at the 1^  level. 
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Table 28. Mean squares from the analyses of variance for seed 
length of oat lines derived from Abd. 101 and P.I. 
193958 tetraploid strains 
Degrees of 
freedom 
Mean SQuares 
Source of variation Abd. 101 P.I. 193958 
Total 374 (371)^  0.043 0.099 
Replicates 2 1.114** 2.165** 
Lines 124 (123) 0.0^ 9** 0.117^  ^
Among untreated lines 61 0.048** 0.110** 
Among generations 4 0.065 0.102 
Among lines/gen. 2 1 0.015 0.173 
Among lines/gen. 3 3 0.039 0.032 
Among lines/gen. 4 7 0.016 0.162* 
Among lines/gen. 5 15 0.043 0.124 
Among lines/gen. 6 31 0.057*^  0.048 
Among treated lines 61 (60) 0.050*^  0.111** 
Among generations 4 0.082* 0.043 
Among lines/gen. 2 1 0.086 0.109 
Among lines/gen. 3 3 0.003 0.076 
Among lines/gen. 4 7 0.035 0.217** 
Among lines/gen. 5 15 (14) 0.o64* 0.154* 
Among lines/gen. 6 31 0. 046 0.081 
Untreated vs treated 1 0.009 0.338* 
Original vs descendants 1 0.120 0.641** 
Error 248 (246) 0.032 0.074 
D^egrees of freedom in parentheses applicable to P.I. 
193958 only. 
•Significant at the 5^  level. 
••Significant at the I5S level. 
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Table 29. Generation means of untreated and treated oat lines 
derived from Abd. 101 and P.I. 193958 tetraploid 
strain for seed width and seed length 
Seed width Seed length 
Untreated Treated Untreated Treated 
Abd. 101 
Generation 1 (original) 2.02 2.02 8.21 8.21 
2 (2 lines) 2.00 2.00 8.39 8.44 
3 (4 lines) 2.00 1.98 8.43 8.30 
4 (8 lines) 2.00 2.00 8.40 8.40 
5 (16 lines) 2.00 2.00 8.35 8.36 
6 (32 lines) 2.00 1.99 8.44 8.44 
P.I. 193958 
Generation 1 (original) 1.79 1.79 6.96 6.96 
2 (2 lines) 1.72 1.84 7.50 7.42 
3 (4 lines) 1.90 1.85 7.47 7.36 
4 (8 lines) 1.90 1.87 7.40 7.33 
5 (16 lines)^  1.89 1.87 7.52 7.41 
6 (32 lines) 1.89 1.88 7.43 7.39 
1^5 lines for treated population. 
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Table JO. Mean squares from the analyses of variance for 
crude protein percentage of oat lines derived from 
Abd. 101 and P.I. 193958 tetraploid strains 
Degrees of Mean squares 
Source of variation freedom Abd. 101 P.I. 193958 
Total 374 (371)^  2.03 1.59 
Replicates 2 41.40*^  63.47»* 
Lines 124 (123) 1.73 1.44* 
Among untreated lines 61 1.51 1.24 
Among treated lines 61 (6o) 1.95 1.50 
Untreated vs treated 1 . 0.94 0.00 
Original vs descendants 1 3.14 11.OO** 
Error 
CO (246) 1.86 1.17 
D^egrees of freedom in parentheses applicable to P.I. 
193958 only. 
•Significant at the level. 
••Significant at the Ifo level. 
treated population for five characters, namely, heading date, 
plant height, number of spikelets per panicle, seed length, and 
seed width. For the latter two characters, the mean squares 
were only slightly larger than the comparable ones for the 
untreated population. Apparently, neither tetraploid strain 
is very susceptible to the occurrence of spontaneous mutations, 
and further Abd. 101 seems to be immune to EMS seed treatment 
Table 3I. lueans and standard deviations for nine characters measured on populations 
of oat lines derived from untreated and EMS-treated seeds of Abd. 101 and 
P.I. 193958 tetraploid strains 
Characters Original Untreated lines Treated lines 
Abd. 101 
Heading date (date in June) 11.00 ± 0.42 10.93 ± 0.04 10.98 ± 0.04 
Plant height (cm) 81.25 ± 3.28 80.55 ± 0.29 80. 34 ± 0.29 
Flag leaf length (cm) 19.17 ± 2.78 19.84 ± 0.25 19.70 ± 0.05 
No, of spikelets per psinicle 18.25 ± 3.29 16.78 ± 0.29 16.47 ± 0.29 
100-seed weight (g) 2.38 ± 0.36 2.32 db 0.03 2.28 ± 0.03 
Seed width (mm) 2.02 ± 0.05 2.00 ± 0.00 1.99 db 0.00 
Seed length (mm) 8.21 ± 0.33 8.41 ± 0.02 8.40 ± 0.02 
Crude protein percentage 19.73 ± 2.50 18.66 ± 0.20 18.76 ± 0.20 
P.I. 193958 
Grain yield per plot (g) 27.75 i 4.68 27.70 ± 0.50 24.33 ± 0.50 
Heading date (date in June) 20.25 ± 0.92 20.36 ± 0.08 20.72 ± 0.08 
Plant height (cm) 104.25 i 3.61 105.79 0.32 104.73 ± 0.32 
Flag leaf length (cm) 20.57 ± 2.80 20.10 ± 0.25 20.47 ± 0.25 
No. of spikelets per panicle 35.70 ± 6.85 35.87 ± 0.61 36.81 db 0.61 
100-seed weight (g) 1.51 ± 0.28 1.77 ± 0.02 1.74 ± 0.02 
Seed width (mm) 1.79 ± 0.12 1.90 ± 0.01 1.87 ± 0.01 
Seed length (mm) 6.96 ± 0.50 7.45 ± 0.04 7.39 ± 0.04 
Crude protein percentage 21.50 ± 1.99 19.56 ± 0.15 19.58 ± 0.15 
Figure 26. Frequency distributions for 
seed length of oat lines de­
rived from untreated and EMS-
treated seeds of Abd. 101 
tetraploid strain 
Figure 2?. Frequency distributions for 
seed length of oat lines de­
rived from untreated and EKS-
treated seeds of P.I. 193958 
tetraploid strain 
Figure 28. Frequency distributions for 
crude protein percentage of 
oat lines derived from un­
treated and. EMS-treated 
seeds of Abd. 101 tetra­
ploid strain 
Figure 29. Frequency distributions for 
crude protein percentage of 
oat lines derived from un­
treated and EMS-treated 
seeds of P.I. 193958 
tetraploid strain 
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causing mutations and P.I. 193958 is only slightly susceptible 
to it. 
Phenotypic and fcenotypic mutations 
Phenotypic and genotypic correlations among characters 
measured in the treated and untreated populations of Abd. 101 
and P.I. 193958 tended to be lov/ in magnitude and were gen­
erally insignificant (Tables 32-35)» 
Diploid variations 
For grain yield of Saia diploid oat strain, the mean 
squares among lines were significant in both the untreated 
and treated populations, indicating that natural and induced 
mutations had occurred for this character (Table 36 and 
Figure 30)» The phenotypic variation in the treated popula­
tion was 5»^  times that in the untreated one, and it was in­
creased greatest in the generations 4, 5, and 6. The decrease 
in mean grain yield due to mutagenic treatment was about 155& 
(Table 48), and it all occurred in the first treatment (Table 
39). The mean yield was reduced from 27.0 g per plot for the 
original line to 19.7 g per plot after one treatment. The 
variation amon^  means of generations 2 to 6 was not signifi­
cant. Twenty of 62 lines in the treated population yielded 
less and three yielded more than the lowest and highest 
yielding lines, respectively, in the untreated population. 
This is the only oat strain from which the EMS treatment pro­
duced mutant lines with improved grain yield. 
Table 32. Phenotypic (above diagonal) and genotypic correlations (below diagonal) 
among pairs of traits measured on untreated oat lines derived from Abd. 
101 tetraploid strain 
No. of Crude 
Flag spike- lOO- protein 
Heading Plant leaf lets/ seed Seed Seed per-
date height length panicle weight width length centage 
Heading date 0.21 0.20 0.01 0.04 0.08 -0.12 0.13 
Plant height - — 0.36** 0.32* 0.09 -0.10 -0.07 -0.05 
Flag leaf length —  —  — —  0.29* 0.08 0.15 — 0» 16 -0.03 
No. of spikelets 
per panicle —  —  — —  — — 0.14 0.01 -0.09 0.11 
100-seed weight — — — — — — -0.25 
1—i 0
 
0
 -0.05 
Seed width —— 0.02 — — — — 0.12 -0.15 
Seed length — —0.22 —— — — — — —0.03 
Crude protein 
percentage —— — — —— — — — — 
*Significant at the 5^  level. 
**Significant at the Vfo level. 
Table 33, Phenotypic (above diagonal) and genotypic correlations (below diagonal) 
among pairs of traits measured on treated oat lines derived from Abd. 
101 tetraploid strain 
Heading date 
Plant height 
Flag leaf length 
No. of spikelets 
per panicle 
lOO-seed weight 
Seed width 
Seed length 
Crude protein 
percentage 
No. of 
Flag spike- 100-
Heading Plant leaf lets/ seed 
date height length panicle weight 
Crude 
protein 
Seed Seed per-
width length centage 
0.21  -0 .07  0 .05  
0.39** 0.06 
—  0 . 2 0  
0.19 
0 .01  -0 .05  -0 .02  -0 .02  
0 .12  -0 .18  0 .06  0 .01  
0 .05  0 .13  , 0 . 05  -0 .18  
0.10 0.33** -0.19 -0.264 
0.25* 0.36** -0.01 
0.08 -0.01 
— -— 0.16 
*Significant at the Sfo level. 
**Significant at the Ifo level. 
Table Jk. Phenotypic (above diagonal) and genotypic correlations (below diagonal) 
among pairs of traits measured on untreated oat lines derived from 
P.I. 193958 tetraploid strain 
Grain 
yield/ 
plot 
Heading Plant 
date height 
Flag 
leaf 
length 
No. of 
spike-
lets/ 
panicle 
100-
seed 
weight 
Seed 
width 
Seed 
length 
Crude 
protein 
per­
centage 
Grain yield/ 
plot -0. 02 0.11 -0.04 — 0.12 -0.08 -0.03 0.04 -0.16 
Heading date — — 
-0.27* -0.05 — — 0.16 0.12 0.15 0.01 
Plant height -0.80 — — 0.10 0.27* -0.10 -0.02 0.12 0.11 
Flag leaf 
length — — - - 0.23 -0.01 -0.08 0.35** -0.15 
No. of spike-
lets/panicle — — — — — — — — -0 .25* -0.01 -0.01 0.14 
100-seed 
weight — — — — — — — — 0.37** 0.07* -0.36** 
Seed width — — — — 0.52*# -0 .20  
Seed length 0.18 — — 0.30 — — 0.11 
Crude protein 
percentage — — — — — — -  - — — — — 
*Si^ ,nificant at the 5^  level. 
•''•"oignificant at the 10 level. 
Table 35. Phenotypic (above diagonal) and genotypic correlations (below diagonal) 
among pairs of traits measured on treated oat lines derived from P.I. 
193958 tetraploid strain 
Grain 
yield/ 
plot 
Heading Plant 
date height 
Flag 
leaf 
length 
No. of 
spike- 100-
lets/ seed 
panicle weight 
Seed 
width 
Seed 
length 
Crude 
protein 
per­
centage 
Grain yield/ 
plot -0.11 0.11 0.12 -0.11 -0.17 0.05 -0.08 0.13 
Heading date -0.31 -0.13 -0.24 0.11 -0.13 -0.03 0.05 0.17 
Plant height 0 . 2 7  -2.45 0.38** 0.50** 0.02 — 0.16 0.12 0.12 
Flag leaf 
length — —• — — 0.12 0.30* -0.02 — — -0.03 
No. of spike-
lets/panicle 
-0.35 0.24 0.84 — — 0.13 0.02 0.04 -0.05 
100-seed 
weight — — — — — — — — — — 0.23 0.24 -0.49** 
Seed width -0.01 -0.08 -0.38 0.07 0.51** -0.47** 
Seed length -0.26 0.13 0.05 — — 0.11 0.68 -0.31* 
Crude protein 
percentage — — — — — — 
— — 
— — 
S^ignificant at the 5^  level. 
^^ Significant at the 1^  level. 
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Table 36. Mean squares from the analysis of variance for 
Crain yield of oat lines derived from Saia 
diploid strain 
iJe^ rees of 
Source of variation freedom Mean squares 
Total 
Replicates 
Lines 
Among untreated lines 
Among generations 
Among lines/gen. 2 
Among lines/gen. 3 
Among lines/gen. 
Among lines/gen. 5 
Among lines/gen. 6 
Among treated lines 
Among generations 
Among lines/gen. 2 
Among lines/gen. 3 
Among lines/gen. 4 
Among 1ms s/gsn. 3 
Among lines/gen. 6 
Untreated vs treated 
Original vs descendants 
Error 
999 40.2 
7 106.8** 
124 137.6** 
61 34.7* 
4 36.9 
1 39.0 
3 24.4 
7 26.3 
15 44.9* 
31 32.2 
61 186.6* 
4 30.5 
1 14.0 
3 79.6* 
7 227.0** 
15 164.9* 
31 224.1** 
1 3457.6** 
1 100.9* 
868 25.8 
•Significant at the level. 
^^Significant at the Ifc level. 
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Table 37• Mean squares from the analyses of variance for 
heading date of oat lines derived from C.I. 3815 
and Saia diploid strains 
Degrees of Mean squares 
Source of variation freedom C.I. 3815 Saia 
Total 9^9 3.88 0.37 
Replicates 3 26.16 0.60** 
Lines 124 3.09 0.54** 
Among untreated lines 61 3.52* 0.41* 
Among generations 4 3.93 0.45 
Among lines/gen. 2 1 0.50 0.12 
Among lines/gen. 3 3 13.72** 0.73 
Among lines/gen. 4 7 4.81 0.50 
Among lines/gen. 5 15 2.73 0.40 
Among lines/gen. 6 31 2.67 0.38 
Among treated lines 61 2.72 0.68** 
Among generations 4 — — 0.05 
Among lines/gen. 2 1 0.12 
Among lines/gen. 3 3 1.49** 
Among lines/gen. 4 7 0.24 
Among lines/gen. 5 < — — 0.54 
Among lines/gen. 6 31 0.87 
Untreated -vs treated 1 2.61 0.07 
Original vs descendants 1 0.06 0.32 
Error 372 2.63 0.29 
•Significant at the 5^ level. 
••Significant at the 1% level. 
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Table 38. Mean squares from the analyses of variance for 
plant height of oat lines derived from C.I. 38I5 
and Saia diploid strains 
Degrees of Mean squares 
Source of variation freedom C.I. 3815 Saia 
Total 4-99 35.96 24.43 
Replicates 3 291.23** 1078.47** 
Lines 129 38.53 34.98** 
Among untreated lines 61 32.27 16.95* 
Among generations 4 7.01 
Among lines/gen. 2 1 — — 28.88 
Among lines/gen. 3 3 10.67 
Among lines/gen. 7 — — 23.68 
Among lines/gen. 5 15 18.41 
Among lines/gen. 6 31 16.04 
Among treated lines 61 39.79 51.98** 
Among generations 4 65.83** 
Among lines/gen. 2 1 18.58 
Among lines/gen. 3 3 16.00 
Among lines/gen. 4 7 36.71** 
Among lines/gen. 5 15 61.43** 
Among lines/gen. 6 31 53.63** 
Untreated vs treated 1 360.89** 132.06** 
Original vs descendant 1 21.53 0.04 
Error 372 32.37 12.41 
^Significant at the 5^ level. 
^^Significant at the Vfo level. 
Table 39. Generation means of untreated and treated oat lines derived from C.I. 
3815 and Saia diploid strains for grain yield, heading date, and plant 
height 
Grain yield Heading date Plant height 
Untreated Treated Untreated Treated Untreated Treated 
G.I. 3815 
1 (original) 22.2 22.2 102.5 102.5 
2 (2 lines) 22.4 23.2 105.0 102.4 
3 (4- lines) 22.3 22.2 105.6 105.7 
4 (8 lines) 22.4 22.7 104.0 104.1 
5 (16 lines) —— 21.8 21.4 106.5 104.0 
6 (32 lines) 22.4 22.3 105.8 104. 0 
Saia 
Generation 1 (original) 27.0 27.0 23.0 23.0 120.5 120.5 
2 (2 lines) 27.8 19.7 22.9 22.6 121.6 121.3 
3 (4 lines) 26.3 20.7 20.6 2 2 .  7  121.5 122.5 
4 (8 lines) 24.9 21.4 22.6 22.7 121.5 120.9 
5 (16 lines) 25.2 21.3 22.6 22.7 121.4 119.7 
6 (32 lines) 25.1 21.9 22.8 22.7 120.7 119.6 
Figure 30. Frequency distributions for grain yields of oat 
lines derived from untreated and EMS-treated seeds 
of Saia diploid strain 
Figure 31. Frequency distributions for heading dates of oat 
lines derived from untreated and EMS-treated seeds 
of G.I. 3815 diploid strain 
Figure 32. Frequency distributions for heading dates of oat 
lines derived from untreated and EMS-treated seeds 
of Saia diploid strain 
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Significant variation for heading date was observed 
among lines in the untreated population of C.I. 3815 (Table 
37 and Figure 31)» and in both populations of Saia strain 
(Table 37 and Figure 32). However, these cases of signifi­
cant variation for heading date, when subdivided, showed no 
pattern according to generation, i.e., for C.I. 3815 untreated 
and Saia treated populations, generation 3 was the only one 
with significant mean squares. Mutagen treatment did not shift 
•the mean heading date of either strain (Table 48). 
Even though there were not significant variations for 
plant height amonc line means of C.I. 3815 (Table 38), the 
average of the treated lines was significantly shorter (2 cm) 
than that of the untreated lines (Figure 33) • On the con­
trary, significant variabilities were present among line means 
in both the untreated and treated populations of Saia strain. 
The phenotypic variation of the treated population was about 
threefold that of the untreated one (Table 38 and Figure 3^ ), 
and the induced variation seemed to be cumulative over gen­
erations of EI.IS treatment. Mean plant height of the treated 
lines was 1 cm shorter than that of the untreated lines. 
No significant variation occurred due to genotypic sources 
for flag leaf length in C.I. 3815 strain (Table 4-0 and Figure 
35). However, there was a response to mutagen treatment by 
Saia. As with plant height, phenotypic variability for flag 
leaf length was increased 3» 0 times by the EMS (Table 40 and 
Figure 36). The mutations for this trait tended to be for 
Figure 33» Frequency distributions for 
plant heights of oat lines 
derived from untreated and EMS 
treated seeds of C.I. 3815 
diploid strain 
Figure 3^ * Freuqency distributions for 
plant heights of oat lines 
derived from untreated and 
EMS-treated seeds of Saia 
diploid strain 
Figure 35- Frequency distributions for 
flag leaf length of oat 
lines derived from un­
treated and EMS-treated 
seeds of C.I. 3815 diploid 
strain 
Figure 36. Frequency distributions for 
flag leaf length of oat 
lines derived from un­
treated and EMS-treated 
seeds of Saia diploid 
strain 
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Table ^ 0. Mean squares from the analyses of variance for 
flag leaf length of oat lines derived from C.I. 
3815 and Saia diploid strains 
Degrees of 
freedom 
Mean SQuares 
Source of variation C.I. 3815 Saia 
Total 499 0.76 1.15 
Replicates 3 6.48** 4.92** 
Lines 124 0.78 1.89** 
Among untreated lines 61 0.76 0.92 
Among treated lines 61 0.81 2.79** 
Among generations 4 1.57 
Among lines/gen. 2 1 8.80** 
Among lines/gen. 3 3 — — 0.59 
Among lines/gen. 4 7 — — 4.52** 
Among lines/gen. 5 15 2.38** 
Among lines/gen. 6 31 — — 2.78** 
Untreated vs treated 1 1.39 7.93** 
Original vs descendants 1 0.00 0.09 
Error 372 0.71 0.87 
••Significant at the level. 
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shorter flag leaf length (Table 48). The mean reduction was a 
quarter of a centimeter, shortening was cumulative with gen­
erations, and eight lines in the treated population were 
shorter than the shortest line in the untreated one. 
Variations for number of spikelets per panicle occurred 
spontaneously and due to mutagen treatment in both strains of 
the diploid. The magnitude of variation due to spontaneous 
and mutagen-induced mutations were about equal in C.I. 3815 
(Table 41 and Figure 37)• On the other hand, the phenotypic 
variation was twice as large in the treated population of Saia 
strain as in the untreated one (Figure 38). The mean squares 
for Saia untreated and G.I. 3815 treated populations were sig­
nificant at the 5^  level only and when they were subdivided 
into individual generations, no cases of significance were 
found. In the Saia treated population, the cases of signifi­
cant variation among lines occurred in generations 4, 5, and 6. 
It seems that EMS treatment of the seeds of C.I. 3815 induced 
no more mutational variation for this trait than had occurred 
spontaneously. Variation was significantly induced in Saia 
by EMS, and it was predominantly toward lower spikelet number. 
On the average, the treated lines had one less spikelet per 
panicle than the untreated lines. 
The mean squares for weight per 100 seeds were signifi­
cant among untreated and among treated lines for C.I. 3815. 
and only among treated lines of Saia (Table 42). Mutagenic 
treatment did not increase the variation for this character in 
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Table 41. Mean squares from the analyses of variance of 
number of spikelets per panicle of oat lines de­
rived from C.I. 3815 and Saia diploid strains 
Degrees of Mem squares 
Source of variation freedom C.I. 3815 Saia 
Total 499 44.01 27.93 
Replicates 3 492.30** 65.22* 
Lines 124 53.98** 42.95** 
Among untreated lines 61 37.70** 30.08* 
Among generations 4 133.38** 8.73 
Among lines/gen. 2 1 0.06 13.00 
Among lines/gen. 3 3 20.76 13.45 
Among lines/gen. 4 7 87.44* 33.84 
Among lines/gen. 5 15 69.40* 33.84 
Among lines/gen. 6 31 40.94 32.32 
Among treated lines 61 50.30* 53.03** 
Among generations 4 42.24 16.21 
Among lines/gen. 2 1 11.23 0.00 
Among lines/gen. 3 3 49.08 13.61 
Among lines/gen. 4 7 64.44 58.81* 
Among lines/gen. 5 15 52.41 54.54** 
Among lines/gen. 6 31 48.51 61.26** 
Untreated vs treated 1 74.02 190.66** 
Original vs descendants 1 31.54 4.25 
Error 372 37.07 22.78 
•Significant at the 55^ level. 
••Significant at the Vfo level. 
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Table 42. Mean squares from the analyses of variance for 100-
seed weight of oat lines derived from C.I. 3815 
and Saia diploid strains 
Degrees of Mean squares 
Source of variation freedom C.I. 3815 Saia 
Total 374 0.0123 0.0225 
Replicates 2 0.0979** 0.3 600** 
Lines 124 0.0163** 0.0272** 
Among untreated lines 61 0.0185** 0.0208 
Among generations 4 0.0031 
Among lines/gen. 2 1 0.0096 • 
Among lines/gen. 3 3 0.0125 
Among lines/gen. 4 7 0.0150 
Among lines/gen. 5 15 0.0164* — — 
Among lines/gen. 6 31 0.0231** 
Among treated lines 61 0.0145** 0.0305** 
Among generations 4 0.0277* 0.0577* 
Among lines/gen. 2 1 0.0091 0.0384 
Among lines/gen. 3 3 0.0101 0.0253 . 
Among lines/gen. k- 7 0.0095 0.0131 
Among lines/gen. 5 15 0.0092 0.0273 
Among lines/gen. 6 31 0.0171** 0.0327** 
Untreated vs treated 1 0.0001 0.2202** 
Original vs descendants 1 0.0023 0.5240 
Error 248 0.0096 0.0174 
•Significant at the 5^ level. 
•^Significant at the Ifo level. 
Table ^ 3» Generation means of untreated and treated oat lines derived from G.I. 
3815 and Saia diploid strains for flag leaf length, number of spikelets 
per panicle, and 100-seed weight 
Flag leaf length 
No. of spike-
lets/panicle 100-seed weight 
Untreated Treated Untreated Treated Untreated Treated 
G.I. 3815 
Generation 1 (original) 8.05 8.05 53.9. 53.9 1.58 1.58 
2 (2 lines) 7.8? 7.97 46.5 53.3 1.57 1.54 
3 (4 lines) 8.05 8. 06 48.0 49.9 1.55 1.48 
4 (8 lines) 7.83 8.24 51.3 49.3 1.55 1.59 
5 (16 lines) 7.88 8.01 53.1 50.2 1.56 1.57 
6 (32 lines) 8.03 8. 06 51.4 51.2 1.54 1.54 
Saia 
Generation 1 (original) 
2 (2 lines) 
3 (4 lines) 
4(8 lines) 
5 (16 lines) 
6 (32 lines) 
9.30 9.30 43.1 43.1 1.89 1.79 
9.97 9.57 42.0 41.0 1.91 1.80 
9.38 9.48 42.2 42.2 1.91 1.94 
9.42 8.98 42.1 40.3 1.91 1.87 
9.06 9.05 40. 5 41.2 1.88 1.81 
9.32 8.94 43.0 41.7 1.92 1.87 
Figure 37* Frequency distributions for 
number of spikelets per pani­
cle of oat lines derived from 
untreated and EMS-treated 
seeds of C.I, 3815 diploid 
strain 
Figure 38. Frequency distributions for 
number of spikelets per pani­
cle of oat lines derived from 
untreated and EMS-treated 
seeds of Saia diploid strain 
Figure 39. Frequency distributions for 
100-seed weight of oat 
lines derived from un­
treated and EMS-treated 
seeds of C.I, 3815 diploid 
strain 
Figure 40, Frequency distributions for 
100-seed weight of oat 
lines derived from un­
treated and EMS-treated 
seeds of Saia diploid 
strain 
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C.I. 3815I but the variation was increased by EMS treatment 
in Saia. Generally, the significant variation among lines 
tended to occur in generations 5 and 6, which indicated that 
the mutational events accumulated over generations. Induced 
mutations tended to reduce the mean 100-seed weight of lines 
from Saia (Figure 40), but there was no trend in C.I. 3815 
(Figure 39). 
The only source of significant variation for seed width 
in either oat strain was among untreated lines of C.I. 3815 
(Table 44 and Figures 41, 42). It seems that alleles at loci 
that affect seed width in these diploid strains were rather 
immutable. Significant variation for seed length in C.I. 
3815 occurred among untreated and among treated lines (Table 
45 and Figure 43), and the magnitudes of the mean squares 
were equal for the two populations, indicating that EftlS did 
not induce variation above that which occurred spontaneously. 
Further, mean seed lengths of the untreated and treated 
populations did not differ significantly (Table 48). For 
Saia strain, significant variation was detected among the 
treated lines but not among untreated ones (Table 45 and 
Figure 44). Kean seed length of the treated population was 
longer than that of the untreated population by 0.1 mm. The 
significant deviation of the original from the descendants 
may have been due to chance. 
Mean squares for crude protein percentage in C.I. 38I5 
were not statistically significant for any genotypic source 
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Table 44. Mean squares from the analyses of variance for seed 
width of oat lines derived from C.I. 3815 and Saia 
diploid strains 
Degrees of 
freedom 
Mean squares 
Source of variation C.I. 3815 Saia 
Total 374 0.0016 0.0058 
Replicates 2 0.0375** 0.2826** 
Lines 124 0.0018** 0.0041 
Among untreated lines 61 0.0021** 0.0040 
Among generations 4 0.0028 
Among lines/gen. 2 1 0.0002 
Among lines/gen. 3 3 0.0027 
Among lines/gen. 4 7 0.0032* 
Among lines/gen. 5 15 0.0019 — — 
Among lines/gen. 6 31 0.0017 — — 
Among treated lines 61 0.0014 0.0041 
Untreated vs treated 1 0.0002 0.0029 
Original vs descendants 1 0.0038 0.0078 
Error 248 0.0012 0.0045 
S^ignificant at the level. 
^^Significant at the 1% level. 
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Table 4^ . Mean squares from the analyses of variance for seed 
length of oat lines derived from C.I. 3815 and Saia 
diploid strains 
Source of variation 
Degrees of 
freedom 
Mean squares 
C.I. 3815 Saia 
Total 374 0.0444 0.1991 
Replicates 2 0.0072 10.0348** 
Lines 124 0.0581** 0.2010** 
Among untreated lines 61 0.0584 0.1407 
Among generations 4 0.0112 
Among lines/gen. 2 1 0.0542 
Among lines/gen. 3 3 0.0429 
Among lines/gen. 4 7 0.0687 
Among lines/gen. 5 15 0.0520 
Among lines/gen. 6 31 0.0668** 
Among treated lines 61 O.O58I** 0.2390** 
Among generations 4 0.0447 0.1264 
Among lines/gen. 2 1 0.0150 0.0122 
Among lines/gen. 3 3 0.0669 0.2323 
Among lines/gen. 4- 7 0.0613 0.1726 
Among lines/gen. 5 15 0.0476 0.2689** 
Among lines/gen. 6 31 0.0646* 0.2620** 
Untreated vs treated 1 0.0741 1.0862** 
Original vs descendants 1 0.0264 0.6679* 
Error 248 0.0379 0.1188 
^Significant at the 5^ level. 
^^Significant at the Vfo level. 
Figure 4l. Frequency distributions for 
seed width of oat lines de­
rived from untreated and 
EMS-treated seeds of C.I. 
3815 diploid strain 
Figure 42. Frequency distributions for 
seed width of oat lines de­
rived from untreated and 
EKS-treated seeds of Saia 
diploid strain 
Figure 43. Frequency distributions for 
seed length of oat lines 
derived from untreated and 
EMS-treated seeds of C.I. 
3815 diploid strain 
Figure 44. Frequency distributions for 
seed length of oat lines 
derived from untreated and 
EMS-treated seeds of Saia 
diploid strain 
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(Table 46 and FiQire 45). On the other hand, EMS treatment 
was effective in increasing variation of Saia strain (Table 
46 and Figure 46). The mean of the treated lines of Saia was 
not different from that of the untreated lines (Table 48). 
Under the assumption that significant mean squares are 
due to mutational events, for C.I. 3815i there were spontane­
ous mutations for heading date, number of spikelets per panicle, 
100-seed weight, seed width, and seed length. For Saia, the 
characters for which spontaneous mutations seemed to occur were 
grain yield, heading date, plant height, number of spikelets. 
per panicle, and 100-seed weight. EMS seed treatment caused 
mutations in C.I. 3815 at loci affecting number of spikelets 
per panicle, 100-seed weight, and seed length. For Saia, 
EMS treatment caused mutational events for all characters ex­
cept seed width, and the mean squares among lines within the 
treated population for all of these traits were significant 
at the 1^  level. It appeared that spontaneous variation was' 
more prevalent in C.I. 3815 than in Saia. However, Saia 
seemed to be rather susceptible to mutational events caused 
by EMS treatment, whereas C.I. 3815 seemed to be immune. 
Phenotypic and genotypic correlations 
Among untreated lines of C.I. 3815, there were positive 
correlations among 100-seed weight, seed width, and seed 
length (Table 49). This indicates that seed weight was 
proportional to both seed width and length. Correlations 
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Table 46. Mean squares from the analyses of variance for 
crude protein percentage of oat lines derived from 
C.I. 3815 and Saia diploid strains 
Degrees of Mean squares 
Source of variation freedom C.I. 3815 Saia 
Total 374 1.95 2.15 
Replicates 2 15.12** 28.93** 
Lines 124 2.02 2.57** 
Among untreated lines 61 1.76 1.64 
Among treated lines 61 2.31 3.53** 
Among generations 4 5.72* 
Among lines/gen. 2 1 1.13 
Among lines/gen. 3 3 1.27 
Among lines/gen. 4 7 3.54* 
Among lines/gen. 5 15 — — 3.40* 
Among lines/gen. 6 31 3.60** 
Untreated vs treated 1 0.00 0.13 
Original vs descendants 1 2.16 3.82 
Error 248 1.81 1.72 
S^ignificant at the 5^  level. 
^^ Significant at the 1% level. 
Table 4?. Generation means of untreated and treated oat lines derived from C.I. 
3815 and Saia diploid strains for seed width, seed length, and crude 
protein percentage 
Crude protein 
Seed width Seed length percentage 
Untreated Treated Untreated Treated Untreated Treated 
C.I. 3815 
Generation 1 (original) 1.79 1.79 7.70 7.70 20.5 20.5 
2 (2 lines) 1.84 1.84 7.66 7.73 19.7 20.0 
3 (4 lines) 1.85 1.83 7.56 7.60 19.5 20.0 
4 (8 lines) 1.82 1.85 7.59 7.55 19.6 19.5 
5 (16 lines) 1.83 1.83 7.60 7.62 19.8 19.6 
6 (32 lines) 1.83 1.82 7.58 7.62 19.6 19.7 
Saia 
Generation 1 (original) 1.73 1.73 6.82 6.82 23.1 23.1 
2 (2 lines) 1.77 1.79 7.16 7.26 22.1 22.3 
3 (4 lines) 1.81 1.79 7.39 7.21 21.9 20.9 
4 (8 lines) 1.77 1.78 7.10 7.42 21.5 22.2 
5 (16 lines) 1.79 1.77 7.16 7.31 22.1 22.3 
6 (32 lines) 1.78 1.77 7.30 7.37 22.0 21.8 
Figure ^ 5* Frequency distributions for crude protein percent­
age of oat lin^ s derived from untreated and EMS-
treated seeds of C.I. 3815 diploid strain 
Figure 46. Frequency distributions for crude protein percent­
age of oat lines derived from untreated and EJIS-
treated seeds of Saia diploid strain 
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Table 48. Means and standard deviations for nine characters measured on populations 
of oat lines derived from untreated and EMS-treated seeds of C.I. 3815 
and Saia diploid strains 
Characters Original Untreated lines Treated lines 
Heading date (date in June) 
Plant height (cm) 
Flag leaf len^ h (cm) 
No. of spikeletG per panicle 
100-seed weight (g) 
Seed width (mm) 
Seed length (mm) 
Crude protein percentage 
C.I. 3815 
22.05 ± 2.25 22.29 ± 0.20 22.43 ± 0.20 
102.50 ± 7.90 105.69 ± 0.71 103.98 0.71 
8.05 àz 1.17 7.97 ± 0.10 8.07 ± 0.10 
53.90 ± 8.45 51.47 ± 0.76 50.59 ± 0.76 
1.58 0.18 1.55 ± 0.01 1.55 ± 0.01 
1.79 ± 0.06 1.83 0.00 1.83 ± 0.00 
7.70 ± 0.36 7.59 ± 0.03 7.62 ± 0.03 
20.50 ± 2.47 19.65 ± 0.19 19.65 ± 0.19 
Grain yield per plot (g) 27.00 
Heading date (date in June) 23.00 
Plant height (cm) 120.50 
Flag leaf length (cm) 9.30 
No. of spikelets per panicle 43.10 
100-seed weight (g) 1.79 
Seed width (mm) 1.73 
Seed length (mm) 6.82 
Crude protein percentage 23.10 
Saia 
± 4.14 25.30 ± 0.45 21.57 ± 0.45 
± 0.75 22.71 ± 0.07 22.73 ± 0.07 
4.89 121.10 ± 0.44 120.06 ± 0.44 
± 1.30 9.28 ± 0.12 9.02 0.12 
± 6.63 42.68 ± 0.57 41.44 ± 0.59 
± 0.24 1.91 ± 0.02 1.86 ± 0.02 
± 0.12 1.73 ± 0.01 1.77 ± 0.01 
± 0.03 7.24 ± 0.05 7.35 ± 0.05 
± 2.41 21.99 ± 0.19 21.95 db 0.19 
Table ^ 9« Phenotypic (above diagonal) and genotypic correlations (below diagonal) 
among pairs of traits measured on untreated oat lines derived from C.I. 
3815 diploid strain 
Heading Plant 
date height 
No. of 
Flag spike- 100-
leaf lets/ seed 
length panicle weight 
Crude 
protein 
Seed Seed per-
width length centage 
Heading date 
Plant height 
Flag leaf length 
No. of spikelets 
per panicle 
100-seed weight 
Seed width 
Seed length 
Crude protein 
percentage 
0.39** -0.02 -0.15 -0.08 
0.11 0.26* 0.06 
0.24 
-0.18 
•0.31 
0.11 
0.13 
•0.38 
•0.12 
•0.08 
-0.13 0.04 -0.13 
0.13 -0.04 0.07 
0.03 -0.08 -0.20 -0.07 
-0.16 -0.05 -0.03 0.13 
0.52** 0.29* -0.54** 
0.67 0.47** -0.39** 
0.48 0.85 
*Significant at the 5^  level. 
**Significant at the Ifo level. 
Table 50« Phenotypic (above diagonal) and genotypic correlations (below diagonal) 
among pairs of traits measured on treated oat lines derived from C.I. 
38I5 diploid strain 
No. of Crude 
Flag spike- 100- protein 
Heading Plant leaf lets/ seed Seed Seed per-
date height length panicle weight width length centage 
Heading date -0.25* -0.02 -0.07 -0.0? 0.22 0.26* 0.03 
Plant height 0.09 0.04 -0.11 -0.13 -0.24 0.14 
Flag leaf length —— — — — 0.19 0.28* 0.34** 0.13 -0.04 
No. of spikelets 
per panicle —  —  -0.26* -0.21 -0.09 0.07 
100-seed weight — — — — —O.9I 0.45** 0.04 -0.45** 
Seed width —  — —  —  —  —  —  0.22 — 0.26 
Seed length 
—  — —  — —0.25 -0.07 0.28* 
Crude protein 
percentage — — — — —  -
S^ignificant at the level. 
•"•^••Significant at the 1% level. 
Table 51» Phenotypic (above diagonal) and genotypic correlations (below diagonal) 
among pairs of traits measured on untreated oat lines derived from Saia 
diploid strain 
Grain 
yield/ 
plot 
Heading Plant 
date height 
Flag 
leaf 
length 
Mo. of 
spike- 100-
lets/ seed 
panicle weight 
Seed 
width 
Seed 
length 
Crude 
protein 
per­
centage 
Grain yield/ 
plot 0.08 0.06 0.39** -0.14 -0.04 -0.04 0.08 0.08 
Heading date 0.26 
-0.35** 0.01 -0.23 - 0 . 0 1  -0.17 0.01 0.13 
Plant height 0.17 -0.23 0.33** 0.38** -0.07 0.13 — 0.01 -0.09 
Flag leaf 
length —  —  — — —  —  — 0.01 -0.07 -0.03 -0.05 0.14 
No. of spike-
lets/panicle — 0 « 62 
-0.53 1.19 — — 0.16 0.10 -0.04 -0.22 
100-seed 
weight O . U 3  -0.08 -0.34 1.15 0.31* -0.02 -0.41** 
Seed width — — —  —  —  — —  — — 0.08 -0.24 
Seed length — — — — — - — -0.19 
Crude protein 
percentage 
—  —  — — 
— — 
S^ignificant at the 5/^  level. 
^^ Significant at the 1^  level. 
Table 52. Phenotypic (above diagonal) and genotypic correlations (below diagonal) 
among pairs of traits measured on treated oat lines derived from Saia 
diploid strain 
Grain 
yield/ 
plot 
Heading Plant 
date height 
Flag 
leaf 
length 
No. of 
spike- 100-
lets/ seed 
panicle weight 
Seed 
width 
Seed 
length 
Crude 
protein 
per­
centage 
Grain yield/ 
plot 0.31* 0.72** 0.42** 0.58** 0.37** 0.24 0.28* 0.19 
Heading date 0.76 0.19 0.14 0.41** 0.30* -0.19 0.40** 0.06 
Plant height 1.55 0.45 0.71** 0.64** 0.50** 0.20 0.27* 0.17 
Flag leaf 
length 0.93 0.24 0.95 0.61** 0.41** 0.20 0.28* 0.40** 
Mo. of spike-
lets/panicle 1.36 0.72 0.88 0.92 0.48** 0.11 0.31* 0.26* 
100-seed 
weight 0.16 0.19 0.28 0.23 0.28 0.26* 0.45** -0.18 
Seed width — — — — — — - - 0.02 -0.05 
Seed length 0.35 0.71 0.42 0.45 0.53 0.28 0.20 
Crude protein 
percentage 0.39 0.10 0.25 0.63 0.44 0.06 0.42 
S^ignificant at the 5/^  level. 
^^ Significant at the 10 level. 
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amon^  treated lines were different from those among untreated 
lines (Table 50). Flag leaf length showed a direct re­
lationship with grain yield in the untreated lines of Saia 
strain (Table 51)' More significant correlations were observed 
among the treated lines of Saia (Table 52). 
Comparisons of Hexaploid, Tetraploid, and Diploid 
A primary objective of this study was to compare the rela­
tive variability induced in oat strains of different ploidj' 
levels. According to MacKey (1959). induced variability in 
diploid wheat usually produced sharp changes in an attribute, 
whereas in hexaploid wheat, the variability usually resulted 
in only slight phenotypic modification of an attribute. Sup­
posedly, this result in the hexaploids was due to the modifying 
effects of nonmutated genes at homoeologous loci in the hexa­
ploids. In polyploids, genes may be reduplicated in auto- or 
allopolyploid manner (MacKey, I967). In the case of au to poly­
ploids, the chance for the mutated allele to be segregated 
into the nulliplex state (e.g., aaaa for autotetraploids), 
which would be necessary for its expression, would be remote, 
at least with small progeny size and (or) in the generations 
immediately after the mutation occurred. In the case of 
allopolyploids, the alleles at reduplicated or homoeologous 
loci would be somewhat diversified in function and reaction, 
and the events of meiosis would be diploidized. Hence, the 
chance for segregation of the mutated allele to be segregated 
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into the genotypic state (i.e., aa) which would be necessary 
for its expression, would be one-fourth in the first segregat­
ing generation. Obviously, the probability of a mutation 
segregating into a genotypic state in which it can affect 
phenotypic expression markedly (assuming mutations are from 
dominant to recessive) is much greater in an alio- than in an 
autopolyploid. 
Generally, the polyploid species of oats are considered 
to be more alio- than autopolyploid in state (Craig et al., 
1972), and preferential pairing of homologous chromosomes is 
complete; thus, segregation at a locus occurs on a diploid 
basis. The degree of diversification that has occurred among 
alleles at reduplicated loci is unknown, however. In my 
experiments, the phenotypic variability, observed in quantita­
tively inherited traits, would result from two phenomena, 
initial mutation events and segregation of mutated genes. 
To compare the phenotypic variations caused in di-, tetra-, 
and hexaploid oat strains by spontaneous and induced mutations, 
I used tvjo measures; (a) changes that occurred in trait means 
over generations within lines of descent where spontaneous 
and induced mutations were expected and (b) genotypic variances 
within each population type. 
Table 53 shows the regression coefficients of the means of 
untreated and treated lines upon generations for the several 
oat strains. The regression coefficients for the generation 
means did not seem to show any consistency of relationship 
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Table 53- Regression coefficients of the means of untreated 
and treated lines upon generations of the hexa-
ploids, tetraploids, and diploids 
Characters Regression coefficients (b) 
Hexaploids 
Mo. 0-20$ C 649 
Untreated Treated Untreated Treated 
Grain yield — — 0.30 -1.36* 
Heading date 0. 08 0.04 0.22 0.19* 
Plant height -0. 09 -0.71 -0.43 -0.57 
flag leaf length 0.09* 0.19 0.06 -0.01 
No. of spikelets 
0.14 per panicle 0.31 -0.01 • -0.88* 
100-seed weight -0, 01 -0.01 -0.02 -0.03 
Seed width 0. 01 0.01 0.02 0.01 
Seed length 0.03* 0.03 -0.03 -0.02 
Crude protein 
-0.04 percentage 
-0.03 0.02 0.11 
Tetraploids 
Abd. 101 P.I. 193958 
Untreated Treated Untreated Treated 
Grain yield " — mm 
-0.09 -0.87 
Heading date 0. 00 0.00 0.08 0.13* 
Plant height -0.14 0. 08 0.23 0.12 
Flag leaf length 0.03 0.02 0.04 -0.07 
No. of spikelets 
0. 04 per panicle 0.06 0.23 0.20 
100-seed weight 0.01 0.02 0.02 0.01 
Seed v/eight 0. 00 0.00 0.02 0.02 
Seed length 0.03 0.03 0.07 0.06 
Crude protein 
percentage 0.03 0.02 0.05 0. 04 
"'Significant at the % level. 
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Table 53» (Continued) 
Characters Regression coefficients (b) 
Diploids 
C.I. 2815 Saia 
Untreated Treated Untreated Treated 
Grain yield — — — — 
-0.53* -0.57 
Heading date -0.02 -0.12 0.00 -0.03 
Plant height 0.55 0.31 0.01 -0.31 
Flag leaf length -0.01 0.01 -0.07 -0.11 
No. of spikelets 
-0.67 per panicle 0.30 -0.15 -0.24 
100-seed weight -0.01 0.00 0.00 0.01 
Seed width 0.00 0. 00 0.01 0.00 
Seed length -0.02 -0.02 0.06 0.09 
Crude protein 
-0.16* percentage —0.12 -0.17 -0.15 
with ploidy level. The numbers of cases where the regressions 
were significant (at 5^  level) were eight, with five, one, and 
two occurring at the hexa-, tetra-, and diploid levels, re­
spectively. The regression coefficients may show some rela­
tionship to genotype of oats and even more relationship with 
trait. For example, the mutagen treatment seemed to have more 
effect on regression trends in C 64-9 than in Mo. 0-205, and 
the generation trait means of Abd. 101 seemed to be more 
stable in both lines of descent than were those of the other 
tetraploid strain, P.I. 193958• 
Especially outstanding about the regressions of trait 
means upon generation numbers were those for grain yield. In 
all three cases where grain yield v/as measured, the effect of 
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induced mutations was to reduce the yield. For C 649, P.I. 
193958, and Saia, the reductions were I.36, O.87, and 0.57 g 
per plot per generation, respectively. These results are 
similar to those of Arias and Prey (1973) who tested 1141 
lines of oats derived from EFiS treatment and found I60 with 
inferior and only one with superior yield. Using the same 
criteria as they did to detect mutagen-derived lines with 
deviant grain yields, I found 36 inferior and no superior 
lines for C 649, 12 inferior and no superior lines for P.I. 
193958, and 20 inferior and 3 superior lines for Saia. Yield 
trends across generations also were negative in the untreated 
line of descent for P.I. 193958 and Saia (i.e., -0.09 and 
-O.53. respectively). No other trait seemed to show as. much 
consistency for regression of generation means. 
Genotypic variances were derived by subtracting the error 
mean square from the lines mean square for a trait and then 
dividing the remainder by the appropriate value for number of 
replicates; thus, all values in Table 54 are on a per-plot 
basis. Because the data presented in this table represent 
measurements in different kinds of units (i.e., days, cm, g, 
percentage, number), it was nearly impossible to draw any 
conclusions about relative spontaneous or induced variation 
for a genotype or ploidy level by using the data in this 
format. Therefore, I changed the genotypic variances to 
relative values that could be averaged across genotypes. The 
base taken as 100^  for a trait v;as the mean genotypic variance 
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Table 5^ » Genotypic components of variances for nine char­
acters measured in six oat strains in treated 
population and untreated population 
Grain 
yield 
Heading 
date 
Plant 
height 
Flag 
leaf 
length 
No. of 
spike-
lets/ 
panicle 
Hexaploid 
Mo. 0-205 
Untreated — — 0.00 0.27 0.22* 0.92 
Treated 0.03 1.89** 0.12 1.21* 
C 64? 
Untreated 1.91* -0.01 0.73 0.02 0.04 
Treated 24.40** 0.95** 8.75** 0.33* 7.82** 
Tetraploid 
Abd. 101 
Untreated mm 0.00 0.77** 0.10 0.11 
Treated — — 0. 00 0.58* -0.11 -0.12 
P.I. 193958 
Untreated 0.21 -0.03 1.06** 0.01 -1.03 
Treated 6.05** 0.14** 2.81** 0.27 2.76* 
Diploid 
C.I. 3815 
Untreated — — 0.22* -0.02 0.01 5.16** 
Treated 0.02 1.85 0.02 3.31* 
Saia 
Untreated 1.11** 0.03* 1.13* 0.01 1.82* 
Treated 20.10** 0.10** 9.89** 0.48** 7.56** 
•Sicnificant at the 5% level. 
••Significant at the 1% level. 
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Table 5^ . (Continued) 
100-
seed 
weight 
Seed 
width 
Seed 
length 
Crude 
protein 
percentage 
Mo. 0-205 
Untreated 
Treated 
C 649 
Untreated 
Treated 
0.003** 
0.006** 
0.001 
0.006** 
Hexaploid 
0.0000 
0.0000 
0.0000 
0 .0000 
0.000 
0.004* 
0.002 
0.015** 
0.06  
0.05 
0 .02  
0.27** 
Abd. 101 
Untreated 0.000 
Treated 0.000 
P. I .  1919S8 
Untreated 0.000 
Treated 0.001 
Tetraploid 
0.0010* 
0.0000 
0.0000 
0.0006* 
0.005** 
0.006** 
0.012** 
0.012** 
-0.12 
0 .03  
0.02 
0.11 
G.I. 3815 
Untreated 
Treated 
Saia 
Untreated 
Treated 
0.003** 
0.002** 
0.001 
0.004** 
Diploid 
0.0003* 
0.0000 
0.0000 
0.0000 
0.007** 
0.007** 
0.007 
0.040** 
•0. 02 
0.17 
0 .03  
0.60** 
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within one line of descent (i.e., either untreated or treated) 
across the six genotypes. Then the genotypic variances for 
the six genotypes were computed as percentages of the mean; 
this resulted in genotypic variances for all traits being 
expressed as relative values which, in turn, were averaged 
across traits for each genotype. These averages are given in 
Table 55-
Table 55- Means of relative genotypic variances for the oat 
lines from the untreated and treated lines of de­
scent for the six oat strains 
Populations 
Genotypes Untreated Treated 
Hexaploids 
Mo. 0-205 
C 649 
135 
63 180 
51 
Tetraploids 
Abd. 101 49 
60 
9 
P.I. 193958 61 
Diploids 
C.I. 3815 
Saia 
174 
82 
44 
173 
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Obviously, there was no relationship between the mean 
relative genotypic variances from either spontaneous or in­
duced mutations, unless it was that the tetraploid level was 
most immutable. More likely, however, the resistance or 
susceptibility to occurrence of mutations is dependent upon 
genotype. On the basis of the untreated population type, 
there seemed to be two groups among the six oat strains with 
respect to spontaneous mutability. C 6^ 9. Abd. 101, P.I. 
1939581 and Saia were least and Mo. 0-205 and C.I. 3815 were 
most susceptible. The relative genotypic variance for oat 
strains in the untreated populations were of no value in pre­
dicting their reactions to mutagen treatment. On the basis of 
treated population type, there seemed to be three groups among 
the six oat strains with respect to induced mutability. Abd. 
101 was very resistant, Mo. 0-205, P.I. 193958, and C.I. 3815 
were moderately susceptible, and C 64-9 and Saia were very 
mutable. Thus, a genotype may be referred to as susceptible 
or resistant to mutability, and the reaction of a given geno­
type may be different with respect to spontaneous and induced 
mutability. 
Susceptibility to induced mutability has been found to 
be under genotypic control in some plant species. From the 
results of irradiation of seeds and seedlings of Fg's from 
three soybean crosses, Takagi (I969) postulated that there are 
at least two kinds of major genes differentiating radio-
sensitivity among soybean varieties. Using genetic analysis 
123 
of radiosensitivity, as determined by root-growth depression 
of 1'2 seedlings from a diallel cross of six rice varieties, 
Ukai and Yamashita (I969) showed that the major part of the 
variation for radiosensitivity in the parental varieties 
could be ascribed to additive and dominance action of poly­
genes. Ichikawa (I97O) has proposed that radiosensitivity of 
each species or ploidy level is determined principally by the 
interphase chromosome volume (ICV) characteristic. ICY is 
obtained by dividing the nuclear volume by the somatic 
chromosome number. Since the nuclear volumes of the poly­
ploids do not have a proportional relationship between the 
ploidy levels, the ICV shows a decrease with increasing 
ploidy and, thus, genetic redundancy would not act as a 
modifier of the radiosensitivity in polyploids. 
There seemed to be an association between traits and 
propensity to mutability. For example, the EMS treatment 
caused significant genotypic variation for plant height in 
five of the oat strains and spontaneous mutations caused 
significant genotypic variation in three. On the other hand, 
for crude protein percentage, induced and spontaneous muta­
tions resulted in significant genotypic variation in two and 
no oat strains, respectively. The traits that seemed to be 
most susceptible to induction of genotypic variation by EMS 
were grain yield, heading date, plant height, number of spike-
lets per panicle, and seed length, whereas flag leaf length, 
100-seed weight, seed width, and crude protein percentage 
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were most resistant. 
Mutation Rates 
Genotypic variances within oat populations, whether de­
rived from spontaneous or induced mutations, provide esti­
mates about the relative genie stability of genotypes. How­
ever, they provide no information as to whether the magnitude 
of a given genotypic variance is due to many mutations each 
with a small phenotypic effect, or the other extreme of few 
mutations each with a large phenotypic effect. Therefore, I 
rearranged the data into a format that would permit the esti­
mation of a mutation number and rate for each trait within 
each genotype (see Table 56). Since my data were measured 
on more-or-less continuous scales for all traits, I had to 
use statistical measures to determine when mutations had 
occurred. For this purpose I chose the "least significant 
difference" (LSD) and F-tests for individual degrees of free­
dom both with significances at the 5^  level. A mutation was 
judged to have occurred when one or both sibling lines of a 
pair were significantly different from the parent line and 
the difference(s) was inherited to the later generations 
(see mutation events a, b, c, d of Table 56). 
The number of mutations per character that I detected 
in the untreated and treated populations of each oat strain 
are given in Table 57. The largest number of mutations for 
a particular character in one population was 4, which occurred 
125 
Table 56. Mean plant height of the treated lines of Mo. 0-205 
hexaploid strain 
Generation 
1 2 3 4  5  6  
100.7 b 
94.5 b 97.2 
95:7 
99 5 - 101.7 77 * J 1nn n 
99.2 
96.0 
102.0 
99.2 
100.7 
103.2 
100. 5 
98.0 
98.0 
100.0 
-  5 . 1  
1.' SI 
«.3 M 
«.i. M 100.0 
98.7 
98.7 
100.0 a 
" = g 
102.5 
97.0 
99.2 
100. 5 
Table 57* Numbers of detected mutations per attribute in untreated and treated 
populations of six oat strains 
; Attribute 
No. of Crude 
Strains Flag spike- 100- protein 
and Grain Heading Plant leaf lets/ seed Seed Seed per-
populations yield date height length panicle weight width length centage Total 
Hexaploid 
Mo. 0-20S 
Untreated 
Treated 
C 649 
Untreated 0 
Treated 4 
0 
0 
0 
2 
0 
4 
0 
3 
1 
2 
0 
2 
0 
0 
0 
1 
2 
2 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
Sii 
( 0 )  
(14) 
Tetraploid 
Abd. 101 
Untreated 
Treated 
P.I. 193958 
Untreated 0 
Treated 4 
0 
0 
0 
2 
1 
0 
0 
2 
0 
0 
0 
0 
2 
0 
0 
3 
0 
0 
0 
0 
1 
0 
0 
2 
0 
1 
1 
0 
0 
0 
0 
0 
(4) 
(1) 
(1)  
(13) 
Table 57. (Continued) 
Attribute 
No. of Crude 
Strains Flag spike- 100- protein 
and Grain Heading Plant leaf lets/ seed Seed Seed per-
populations yield date height length panicle weight width length centage Total 
C.I. 3815 
Untreated 
Treated 
Saia 
Untreated 0 
Treated 1 
2 
0 
0 
0 
0 
0 
1 
1 
0 
0 
0 
1 
Diploid 
1 
1 
2 
1 
3 
2 
1 
2 
0 
0 
0 
0 
2 
1 
0 
1 
0 
0 
0 
1 
( 8 )  
(4) 
(4) 
( 8 )  
Total 
Untreated 0 
Treated 9 
2 
4 
2 
10 
1 
5 
6 
8 
1 
2 
3 
3 
0 
1 
(20 )  
(48) 
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for grain yield in the treated population of P.I. 193958 and 
plant height in the treated population of Mo. 0-205- Also, 
several traits in each oat line showed no mutations. 
In the untreated populations, the number of mutations per 
oat strain for all characters varies from none for C 64-9 to 
eight for C.I. 3815» and the other four strains had from one 
to four. In the treated populations, the comparable numbers of 
mutations ranged from one for Abd. 101 to 14 for C 649. Obvi­
ously, the genotypes differed materially with respect to their 
spontaneous and induced mutability, and as shown earlier 
through use of genotypic variances, the spontaneous mutability 
of an oat strain was not related to its induced mutability. 
For example, at the tetraploid level, Abd. 101 and P.I. 193958 
had four and one spontaneous mutations, respectively, but they 
had one and thirteen induced mutations, respectively. 
When summed across genotypes and lines of descent, there 
were 24, 19, and 25 mutations at the di, tetra-, and hexa-
ploid levels, respectively. The numbers of spontaneous muta­
tions were 12, 5» and 3 at the di-, tetra-, and hexaploid 
levels, respectively, which correspond to rates of 1.2, 0,5. 
and 0.3 inutatxons per character per 100 gaiuctss (Tabic 58). 
Each of these is considerably lower than comparable mutation 
rates of 2.8 and 4.5 found by Sprague et al. (i960) and 
Russell et al. (I963) for long time inbreds and doubled mono-
ploid inbreds, respectively, of com. Of course, in the oat 
study, these represent only the apparent mutation rates. 
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Table 58. Mutation rates in six oat strains (mutation events 
per character per 100 gametes) 
Population 
Untreated Treated 
Hexaploids 
• Mo. 0-205 0.63 1.48 
C 649 0.00 2.60 
Tetraploids 
Abd. 101 0.83 0.21 
P.I. 193958 0.18 2.41 
Diploids 
C.I. 3815 1.67 0.83 
Saia 0.74 1.43 
Because tetraploids and hexaploids have two and three times, 
respectively, as many loci as do diploids, their actual muta­
tion rates should be two and three times higher. But my esti­
mated mutation rates, instead of being 200 and 3OO percent 
higher for tetraploids and hexaploids, respectively, were only 
42 and 25 percent as large. The genotypes I used conceivably 
could have caused these discrepancies, but more likely it 
resulted because many mutations that occurred had their pheno-
typic expressions nullified by unmutated alleles at homoeolo-
gous loci. Certainly my data support this usual explanation 
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for lower apparent mutation rates in polyploids than in the 
diploid. 
The mutation numbers and rates I found in the treated 
populations were quite different from those for the untreated 
ones. The numbers of induced mutations were 12, 14, and 22 
at the di-, tetra-, and hexaploid levels, respectively, which 
correspond to rates of 1.2, 1.3. and 2.0 mutations per char­
acter per 100 gametes, respectively (Table 58)» These data 
suggest that the EMS treatment did not increase the number of 
mutations over those that already occurred spontaneously in 
the diploids. However, the induced mutation rates were two­
fold and sixfold the spontaneous ones in the tetraploids and 
the hexaploids, respectively. 
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DISCUSSION 
A critical factor bearing on the validity of my experi­
ments was whether, as assumed, the six original plants with 
which I started were completely homozygous. If they were 
not, my mutation rates would be overestimated and my geno-
typic variances would not be due to mutations only. The data 
in my experiments argue that this assumption probably was cor­
rect. If the original plant of an oat strain was heterozygous 
at the locus or loci which affected the phenotypic expressions 
of the characters I measured, significant variation would have 
been expected among line means in the early generations of 
propagation, i.e., in generations 2 and (or) 3» of the un­
treated line of descent. To obtain information on this sub­
ject, I counted the number of cases where significant mean 
squares (5 and l/« levels) occurred among lines within genera­
tions for the traits measured on each of the six oat lines, 
and these are given in Table 59. In each analysis of variance 
for a trait measured in the untreated line of descent for an 
oat strain, mean squares among lines were available for five 
generations, i.e., generations 2 to 6. Therefore, for the 
eight or nine traits measured on the six oat strains, there 
were 255 cases of generation-trait-oat strain combinations. 
The gross number of combinations with significant mean squares 
(genotypic variances) was 19. Of these, there were five cases 
where the significant mean squares occurred in two or more 
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Table 59» Number of character-oat strain cases with signifi­
cant (5 and 1-/5 levels) mean squares among oat lines 
in the various generations in the untreated line of 
descent 
Ploidy level Generation 
and strain 2 3 4 5 6 
Diploid 
C.I. 3815 0 1 2 2 2 
Saia 0 0 0 1 0 
Tetraploid 
Abd. 101 0 1 1 1 1 
P.I. 193958 0 0 1 2 1 
Hexaploid 
Mo. 0-205 0 0 0 0 2 
C 649 0 0 0 0 1 
consecutive generations of a character-oat strain combination. 
If a correction is made so that each such occurrence is counted 
only once, the number of cases of significant mean squares 
reduces to 14. There was no case of significant variation 
among line means in generation 2, and there were only two 
cases, heading date for C.I. 3815 and plant height for Abd. 101, 
where significant variation occurred in generation 3. In con­
trast, the number of cases of significance in generations 4, 5» 
and 6 were four, six, and seven, respectively. Therefore, the 
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occurrence of genotypic variances argues that the original 
plants were homozygous at the loci that affect the measured 
characters. Additional evidence on the degree of homozygosity 
in the original plants from which my experimental materials 
were derived, was obtained by compiling the numbers of muta­
tions observed in the various generations of each of the oat 
strains (Table 60). No mutations were observed in generation 
2, which supports the assumption that the oat plants used to 
initiate my study were homozygous at the loci that affected 
the traits measured. Mutations were observed in generation 3 
of C.I. 3815 and Abd. 101, and possibly these cases of sig­
nificant deviations were really cases of segregation at hetero­
zygous loci, but since they were observed at the diploid and 
tetraploid levels it is more likely that they resulted from 
spontaneous mutations. It may seem contradictory that I found 
spontaneous mutations which implies that the original oat 
strains would be heterogeneous, and yet my data argue that 
the individual original plants used to initiate my study were 
homozygous. Of course, it is entirely reasonable and in fact 
likely, with such low mutation rates, that even though the 
original have come from heterogeneous populations, the 
plants themselves would be homozygous. Moreover, the plants 
could be heterozygous for loci that controlled characters 
other than those I measured. 
The presence of "off type" plants in pure line strains 
of crop plants due to the occurrence of spontaneous mutations 
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Table 60. Number of mutation events for all characters mea­
sured in the various generations in the untreated 
line of descent 
Ploidy level 
and strain 
Generation 
Diploid 
C.I. 3815 
Saia 
0 
0 
3 
0 
2 
2 
3 
2 
Tetraploid 
Abd. 101 
P.I. 193958 
0 
0 
2 
0 
1 
0 
1 
1 
Hexaploid 
Mo. 0-205 
C 649 
0 
0 
0 
0 
3 
0 
0 
0 
have been observed quite often. Schuler (1954) listed 16 such 
mutants from long-time inbred lines of com that were believed 
to have resulted from gene mutations at individual loci. 
There was experimental evidence that each macro-mutant was 
accompanied by other mutated genes which were not readily 
detectable because multigenic diversity was expressed in the 
quantitative characters measured. Also, Gregory (1955) ob­
served broad variability of plant types in a self-pollinated 
peanut cultivar that originated from a sin^ 'jle plant selection. 
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Arias and Frey (1973) found significant variations for quanti­
tative characters among oat lines derived from pure line 
cultivars, and their observations could be attributed to spon­
taneous mutations. These researchers were testing lines from 
seed lots that had been bulk propagated for a number of gen­
erations, so there would have been plenty of opportunity for 
mutations to accumulate. Changes in polygene systems are 
even more obvious in induced mutation experiments. Loesch 
(1964) found that macromutant peanut lines derived from X-
radiation of a pure line differed in their mutated genetic 
backgrounds. A further study with the same genetic stocks 
led Emery et al. (1972) to conclude that the background muta­
tions were randomly associated with the macro-mutant locus. 
Of course, outcrossing can be another cause of genetic 
variability in pure line cultivars. However, this effect 
wc-'ld not have occurred in my experiment because the primary 
panicles from which seeds were sampled for a subsequent genera­
tion v;ere always covered during anthesis so that no outcross­
ing could occur. 
liar le (1972) suggested that in practical mutation breed­
ing, one should treat a relatively small number of seeds to 
produce plants, and harvest all mature seeds produced on 
all main inflorescences of plants. Next, each progeny--
should be examined for mutant plants. The method I used was 
different from this model since I sampled only two seedlings 
from each progeny. However, considering equal number of 
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mutant lines, the recurrent mutagenic treatment in ny dichoto-
mous scheme should give a wider spectrum of genetic variability 
because the mutations would accumulate. Repetitive EKS treat­
ment is encouraged by Sharma and Bansal (1972) who found that 
ERIS induces a number of different mutations (multiple muta­
tions) in barley. The drawback of the scheme I used is that 
it needs more generations to be accomplished. 
One suggested drawback to mutation breeding in polyploids 
is a belief that a majority of recessive mutations will not be 
expressed due to the presence of reduplicated dominant genes 
on homoeologous loci. For example, MacKey (I967) has proposed 
that mutations affecting chlorophyll in polyploids will likely 
not be expressed because the genetic regulation of the chloro­
phyll apparatus, as well as other essential features of the 
cell metabolism, seems to be constructed in an autopolyploid 
manner. Recently, Siddiqui (1973) has confirmed this hypothe­
sis in diploid, tetraploid, and synthetic hexaploid wheat. 
Certainly, the apparent spontaneous mutation rates I obtained 
for nonchlorophyll traits for the various ploidy levels of 
oats would support this hypothesis of the confounding effects 
of reduplicated loci on mutation expression. My spontaneous 
mutation rates were 1.2, 0.5, and 0.3 per character per 100 
gametes for the di-, tetra-, and hexaploids, respectively. As 
mentioned earlier, these probably do not represent mutation 
rates, but really opportunities for expression. An exception 
to this restriction on mutation expression seems to occur in 
137 
the case of peanuts, which is an allotetraploid species. 
Coffelt and Hammons (1971) have suggested a genetic model 
whereby chlorophyll production in peanuts is controlled by 
duplicate loci interacting in an epistatic manner with another 
locus, and certain plant characteristics that do not show 
gradations of expression are controlled by genes at one or 
two loci only. For example, Coffelt and Hammons (1972) later 
showed that the inheritance of sterile brachytic plant type 
in peanuts may involve three unlinked loci with complementary-
duplicate action. Such an inheritance pattern could explain 
why significant variability in polyploid crop species can be 
induced. Mutuations usually would entail modification of gene 
complexes which, in most cases, are unknown to the plant 
breeder, and as postulated by Schuler and Sprague (1956) the 
magnitude of dominance may be a consequence of cumulative 
effects of many moderate dominance effects on a number of loci. 
he re as my data for spontaneous mutation rates support 
the argument that reduplicated loci in polyploid species re­
strict the expression of mutations, the apparent mutation 
rates I induced with EMS seed treatment fitted this hypothesis 
only partially. The apparent mutation rates for the treated 
line of descent were 1.2, 1.3, and 2.0 mutations per character 
per 100 gametes. If it was assumed that all loci were re­
duplicated into the tetraploid and hexaploid states, and that 
no inhibition of mutation expression occurred in the poly­
ploids, the apparent mutation rates should have been double 
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and triple the diploid rate, i.e., 2.4 and 3.6 mutations 
per character per 100 gametes, for the tetra- and hexaploids, 
respectively. The fact that the observed mutation rates for 
the tetraploids and hexaploids were only I.3 and 2.0, respec­
tively, may have been due to (a) the expressions of some muta­
tions being inhibited by genes at homoeologous loci and (b) the 
occurrence of some of the mutations at loci which have under­
gone sufficient evolution so they no longer are true 
homoeologous loci in function. 
Perhaps the most interesting fundamental observation 
about the apparent mutation rates I found for oats was that 
differential trends occurred across ploidy levels in the two 
lines of descent, i.e., apparent rates for spontaneous muta­
tions decreased as the ploidy level went up and apparent rates 
for induced mutations increased as the ploidy level went up. 
The cause for this differential reaction in the two lines of 
descent is not readily apparent, but MacKey (I968) has pro­
posed that chemical mutagens seem to have "special merits" 
for removing the buffering capacity to gene expression in 
polyploids. He further suggested that the chemical mutagens 
create a maximum of genie diversification and an optimum of 
allelic interaction between homoeologous loci. What actual 
difference there may be, at the biochemical level, between 
spontaneous and induced mutations that could account for these 
differential trends in the polyploid series, is unknown. 
Perhaps, the spontaneous mutation brings about a minor change 
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in the gene product and the phenotypic expression of this 
aberrance can be restricted in the polyploid. On the other 
hand, an EMS-induced mutation would produce a drastically 
changed gene product that would alter the substrate to such 
an extent that the polyploid could not inhibit its expression. 
Perhaps the numbers of nucleotide changes in the two cases, 
i.e., spontaneous and induced, would be few and many, 
respectively. 
One of the most obvious features about my results is that 
genotypes differed in their spontaneous and in their induced 
mutation rates. Spontaneous mutation rates varied from zero 
in C 64-9 to 1.7 per character per 100 gametes in C.I. 381^ . 
Induced mutation rates varied from 0.2 in Abd. 101 to 2.6 and 
2.4 per trait per 100 gametes for C 6^ 9 and P.I. 193958, re­
spectively. There was no apparent relationship between the 
spontaneous and induced mutation rates of the oat strains. 
Generally, the oat strains were rated in a somewhat 
similar order of mutability by their mutation rates and by the 
between-lines genotypic variances. In the untreated line of 
descent the relative genotypic variances (Table 55) would rate 
the oat strain from least to most mutable in the order Abd. 
101, P.I. 193958, C 649, Saia, Ko. 0-205, and C.I. 3815, 
whereas mutation rates (Table 57) would rank them in the order 
C 649, P.I. 193958, Mo. 0-205, Saia, Abd. 101, and C.I. 3815. 
In the treated line of descent, the ranking by relative geno­
typic variances was Abd. 101, C.I. 3815. Mo. 0-205, P.I. 
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193958, Saia, and C 649, whereas mutation rates ranked them in 
the order, Abd. 101, C.I. 38I5, Mo. 0-205, Saia, P.I. 193958, 
and C 649. The similarity of ranking by the two criteria is 
better for the treated than for the untreated materials. Of 
course, for a specific trait and pair of genotypes, equal geno-
typic variances do not necessarily give equal mutation rates. 
For example, the gcnotypic variances of grain yield for treated 
populations of G 649 and Saia were 24.4 and 20.1, respectively, 
but the number of mutation events observed were 4 and 1, re­
spectively. The explanation is that the mutational events for 
C 649 occurred once in each of the generations 3 and 4 and 
twice in generation 5, whereas only one mutation event occurred 
in one line of the diploid in generation 3, but the latter per­
sisted into progenies of this mutant line. This would bring 
about comparable genotypic variances v/ithin a population or 
within a generation for grain yield of C 649 and Saia. 
The results from my treated populations could have sig­
nificance in a mutation breeding program in at least two v/ays. 
First, it appears that mutability when treated with ERIS (and 
probably other mutagens as well), to a considerable degree, 
varies with genotypes. For example, one tetraploid strain, 
Abd. 101, had an induced rate of only 0.2 mutations per trait 
per 100 gametes, whereas a second tetraploid, P.I. 193958, 
had an induced mutation rate of 2.4. This information says 
that the success of a mutation breeding program for oats could 
be somewhat dependent on the genotype(s) with which the re­
search was initiated. It probably would be desirable to use 
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several genotypes, at least in the initial stages, of any 
mutation breeding project. Second, some traits seem to be 
more mutable than others. For example, significant geno-
typic variation was induced for grain yield in all three oat 
strains for which this character was measured and significant 
genotypic variation was induced for number of spikelets per 
panicle in five of six strains, whereas in only one of six 
strains was significant genotypic variation induced for seed 
width (Table 55)* These results suggest that attempts to use 
mutation breeding in oats may be successful for some traits 
but not for others. 
It is not surprising that the spontaneous mutation rates 
I observed were different from those reported by Sprague et 
al. (i960) and Russell et al. (I963) for doubled monoploid 
and long-time inbred lines of maize. I have shown that muta­
tion rates vary according to genotypes within a species, so 
variation between species could be expected, also. The spon­
taneous mutation rates in doubled monoploid maize stocks and 
long-time inbred lines were 4.5 and 2.8 mutations per attribute 
per 100 gametes tested, respectively. Note that the doubled 
monoploid inbreds and the lon^ t^ime inbreds, although theo­
retically equally homozygous, probably are at different places 
in the course of evolution. A doubled monoploid inbred is 
equivalent to a new and untried genie combination, whereas 
the long-time inbred line is a well tried and proven genie 
combination. That the new inbred has a higher mutation rate 
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due to genetic incompatibility might be expected. Further, 
the inbred line of oats and inbred line of maize are different 
in the sense that inbreds in maize are not a "natural way of 
life" for this species. Therefore, higher spontaneous muta­
tion rates in long-time maize inbred lines comparing to inbred 
oats would be possible. Pleiotropism, i.e., the simultaneous 
variations in two different characters, was not detected in 
my experiments. 
The exact mutation rates found for com by Sprague et al. 
(i960) and Russell et al. (I963) and those reported for oats 
herein, of course, are minimal, and very likely, underestimate 
the mutation rates that actually occur. First, for a pheno-
typic deviation in plant expression to be tentatively classed 
as a mutant type, it must have deviated from its progenitor 
by at least one LSD unit, and thus,, a bona fide mutation, which 
caused a deviation of less than an LSD unit, would not be 
classified as a mutation at all. Second, for a "tentative" 
mutation to remain a mutation in the final classification, it 
had to be inherited into the progeny of the line in which it 
was initially detected. With the particular sampling scheme 
I used, the progeny sample of two offspring would have rea­
sonable chance of not carrying the mutated gene. Offsetting 
errors in the opposite direction, i.e., progeny samples 
carrying mutations that did not occur, would not be possible, 
of course. Both of these factors would tend to cause under­
estimates of the real mutation rates that occurred. For this 
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reason, magnitudes of genotypic. variances may bo bettor indi ­
cators than would apparent mutation rates for jud^ in^ . the 
degree of genotypic heterogeneity that may exist in a "pure 
line" seed lot or a mutagen-derived population of plants. 
Of course, the apparent mutation rates found for com and 
oats are estimates only, and for that matter, they were esti­
mated on rather small numbers of gametes. In the case of 
oats, only 60 gametes were tested per line of descent per oat 
strain through generation 5- The gametes tested in generation 
6, i.e., 64, were used for verification of mutation occurrence 
only, and therefore, did not enter the calculations for muta­
tion rates. On the other hand, the requirement that each 
"tentative" mutant had to be verified in progeny generations, 
would add to the accuracy of ray estimated mutation rates. 
The spontaneous mutation rates I found for oat strains 
show that intracultivar variations in trait expression could 
result from natural mutations occurring as the cultivar is 
propagated over generations. For example, in five genera­
tions of propagation and with a total population of only 60 
plants, three detectable spontaneous mutations occurred in 
Mo. 0-205 and eight occurred in G.I. 3°15* This could pose a 
significant problem in the maintenance of cultivar purity in 
a certified seed production program. Perhaps, spontaneous 
mutations contribute materially to the need for seed repurifi­
cation of pure line cultivars. I do not think, however, that 
selection among lines within cultivars by the plant breeder 
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is worth practicing in self-pollinated crops because the 
conventional method of pedigree selection from segregated 
population would be more promising. 
In general, the data reported herein suggested that 
(a) variability arising from spontaneous mutations occur in 
cultivars of oats, and (b) mutation rates based on a detectable 
changes of expression of quantitative characters corresponded 
to expanded genotypic variances. 
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SUm.ïARY 
For each oat strain I tested, all derived-lines were 
originated from one plant. Four seeds were sown from the 
original plant; two were grown without seed treatment and 
two were treated with EI/IS before seed germination. In the 
subsequent generations, two seeds were chosen from each plant, 
and those from untreated plants were continued untreated, 
whereas seeds from treated plants were treated again with 
EMS. Altogether- there were five generations in each line of 
descent, i.e., treated or untreated, after the original plant. 
Plants grown in the sixth generation were all untreated. 
These plants were grown in the greenhouse with precaution to 
prevent outcrossing. Subsequently, lines were derived from the 
remnant seeds of each plant. There were two oat strains from 
each of three ploidy level, 2x, 4x, and 6x. All of untreated 
and treated lines of one oat strain were tested together in 
one experiment. The experiments were grown at Ames, Iowa in 
1971 and 1972, and each experiment was grown only once. 
The events of mutation were detected by looking at the 
genotypic variance within population and the changes in the 
means between parents and progenies. Mutation rates were 
estimated by using the least significant difference and single 
degree of freedom F-test, both at the 5?^  level. A mutation 
was counted when there was a significant difference between 
two groups of progenies descended from one parent. 
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On the basis of relative genotypic variances, the un­
treated populations of C 64-9 (6x), Abd. 101 (4x), P.I. 193958 
(4x), and Saia (2x) were the least mutable genotypes, whereas 
MO. 0-205 (6x) and C.I. 3815 (2x) were the most susceptible 
r;onotypoG to the occurrence of spontaneous mutations. There 
wore throe- groups of genotypes with respect to induced muta­
bility ; Abd. 101 was very resistant, Mo. 0-205, P.I. 193958, 
and C.I. 3815 were moderately susceptible, and C 649 and Saia 
were very susceptible. Traits that seemed to be most sus­
ceptible to induction of mutations by EMS were grain yield, 
heading date, plant height, number of spikelets per panicle, 
and seed length, whereas flag leaf length, 100-seed weight, 
seed width, and crude protein percentage were most resistant. 
The mutation rates among the three ploidy levels showed 
different trends in the untreated and treated lines of descent. 
The apparent spontaneous rates for diploid, tetraploid, and 
hexaploid oats were 1.2, 0.5, and 0.3 mutations per character 
per 100 gametes, respectively, whereas the apparent induced mu­
tation rates were 1.2, I.3, and 2.0 mutations per character per 
100 gametes, respectively. The lower spontaneous mutation 
rates observed in the polyploids were attributed to the buffer­
ing effect of unmutated alleles at homoeologous loci which 
would have inhibited the phenotypic expressions of mutations. 
KKU-induced mutations wore hypothesized to have produced dras­
tically' chan/'^ cd i".ono product that would alter the substrate to 
r.uch an extent that genes at homoeologous loci could not 
14? 
inhibit their expressions. 
The results su (digest that attempts to use mutation breed­
ing in oats may be successful only in some genotypes and only 
for some traits. The occurrence of spontaneous mutations in 
oat cultivars may make it difficult for an oat breeder to 
maintain genotypic purity within pure lines. 
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